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Preface 


We hope that you will enjoy Ultrasound of the Urogen- 
ital System, a comprehensive guide to the applications 
of ultrasound in the everyday investigation of the renal 
tract. Ultrasound is often used in the preliminary inves- 
tigation of a problem associated with the renal tract, 
whether it is thought to originate within the kidney, the 
prostate, testes, or elsewhere in the genito-urinary 
tract. 

With this in mind we have compiled a textbook that 
specifically deals with the role of ultrasound in imaging 
of the renal tract to include the kidneys, collecting 
systems, and bladder, and addresses the common 
pathological, medical, and surgical conditions. The 
prostate, testes, and penis also receive coverage since 
ultrasound has an increasingly important primary role 
in these areas. The imaging findings in each subject area 
are put into clinical context by two chapters giving both 
a medical and surgical overview, often of the same 
clinical problem or presentation, and clearly showing 
how ultrasound and the other imaging modalities play 
an important role in securing the diagnosis. 

The failing kidney and its treatment, including trans- 
plantation, is discussed, and the many clinical and re- 
source issues this raises for the 21st century are ad- 
dressed. Genito-urinary problems are a common sce- 
nario in childhood and can continue or have implica- 
tions into adulthood; thus no book on the genito- 
urinary tract would be complete without a chapter on 
the pediatric population. Although many of the chap- 
ters have been contributed by ultrasound enthusiasts, 
both they and the editors are conscious of the crucial 
role played by the other imaging modalities in patient 
investigation and these, too, are referred to in the book. 
Ultrasound contrast agents are relatively new in rela- 
tion to the renal tract and to date have largely focussed 
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on the liver. Whilst their use in the kidney, prostate, etc 
is in the early stages of assessment, a section has been 
included to discuss early results and potential future 
applications. 

Unfortunately the results of many investigations of 
the genito-urinary tract will confirm clinical diagnoses 
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1 Introduction: Medical Overview 


C. Geddes, J. Traynor 


= Introduction 


The field of nephrology has expanded rapidly in the last 
50 years as a result of improved understanding of the 
pathophysiology of renal disease and the increasing 
success and availability of renal replacement therapy 
for acute and chronic renal failure.! 

The prevalence of renal disease has increased greatly 
in the last few decades. This is probably a combination 
of a true increase in prevalence (in an aging population 
that has an increasing burden of co-morbid disease that 
can affect the kidneys), and increased recognition of the 
presence of renal disease. The prevalence of renal dis- 
ease shows wide variability across the world that is 
likely to reflect differences in its true incidence and in 
the availability of health-care resources for detection 
and treatment. The United States appears to have the 
highest prevalence of renal disease. It has recently been 
estimated that 11% of the US adult population has 
chronic kidney disease (CKD, as defined below),” and 
the incidence of CKD requiring renal replacement ther- 
apy in the United States in 2001 was 336 per million 
population (pmp) per year. The incidence of CKD in 
Europe is variable but universally much lower than the 
United States (Fig. 1.1). 

The presence of CKD is of major importance for an 
individual because it is associated with a markedly 
increased risk of cardiovascular, infectious, and malig- 
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nant complications compared with the general popula- 
tion.4-7 

The incidence of acute renal disease is more difficult 
to ascertain but is also probably increasing. A recent 
comprehensive national survey in Scotland reported 
297 patients pmp per year in 2002 had acute renal 
failure (ARF) severe enough to require dialysis treat- 
ment.? This compares with previous estimates in the 
United Kingdom of between 18 pmp per year and 187 
pmp per year in publications covering the 1980s and 
1990s,'0-1? 

Renal replacement therapies (dialysis and kidney 
transplant) are expensive, and the management of re- 
nal disease places a high burden on health-care budgets 
compared with other specialties. 

This chapter will describe the detection of renal 
disease and the approach to the patient with renal 
disease. Ultrasound scanning of the urogenital tract 
has a pivotal role in investigating the causes of renal 
disease. In selected patients it is also of value in assess- 
ing prognosis, assessing disease progression, and in 
treating urinary obstruction. 

A basic understanding of how the normal kidney 
functions is important in order to appreciate the clinical 
manifestations of renal disease. A brief description of 
renal function will be followed by an overview of the 
presentation and investigation of adults with renal dis- 
ease. 


Fig. 1.1 Variability in the inci- 
dence and cause of chronic 
kidney disease requiring renal 
replacement therapy in se- 
lected European countries for 
the year 2001. Adapted from The 
European Renal Association (ERA- 
EDTA) Registry 2001 Annual Re- 
port, published June 2003° 

(RVD = renovascular disease; 

HN = hypertensive nephropathy; 
DN = diabetic nephropathy; 
ADPKD = autosomal dominant 
polycystic kidney disease; 

PN = chronic pyelonephritis and 
other interstitial diseases; 

GN = glomerulonephritis; 

ESCKD = end stage chronic kid- 
ney disease) 


@ Not available 
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1 Introduction: Medical Overview 


Summary points: 
e The incidence of both acute and chronic kidney 
disease is rising 


e Treatment of kidney disease places a high burden on 
health-care resources 

e Ultrasound scanning has a pivotal role in assessing 
the causes and prognosis of kidney disease 


Renal Function 

The kidney performs several functions. The main role of 
the kidney is to excrete metabolic waste and control the 
solutes in extracellular and intracellular fluid. It also has 


endocrine functions and plays a major role in control of 
blood pressure and drug pharmacokinetics. The func- 
tions of the kidney and clinical manifestations of failure 
of these functions are summarized in Table 1.1. 

The performance of all these kidney functions is 
dependent on approximately one million nephrons in 
each kidney (Fig. 1.2). Blood from the renal arteries is 
delivered to the glomerular capillaries. Ultrafiltrate en- 
ters the proximal tubule by filtration of blood through 
the basement membrane that lies between the endo- 
thelium of the glomerular capillary and the glomerular 
epithelium. The quantity and content of the ultrafiltrate 
is dependent on the driving pressure within the intra- 
glomerular capillaries and the basement membrane 
permeability. The tubules reabsorb and secrete solute 
and/or water from the ultrafiltrate under the influence 
of numerous homeostatic factors. The tubules converge 


Table 1.1 Summary of functions of the kidney and clinical consequences of impaired function 


Function 

Excretion of nitrogenous waste 
Blood- pressure control 

Sodium excretion 

Free water excretion 

Electrolyte balance 

Acid-base balance 

Erythropoietin secretion 

Vitamin D,-hydroxylation (activation) 
Phosphate excretion 

Excretion of water-soluble medicines, e.g., digoxin, gentamicin 
Gluconeogenesis in the fasting state 


Catabolism of peptide hormones (including insulin) 


Clinical consequences of impaired function 
Elevated serum concentrations of urea & creatinine? 
Hypertension (or less commonly hypotension) 
Extracellular fluid overload (e. g., edema) or depletion 
Hyponatremia or hypernatremia 

e.g., hyperkalemia 

Metabolic acidosis 

Anemia 

Hypocalcemia, hyperparathyroidism? 
Hyperphosphatemia, hyperparathyroidism? 
Medicine toxicity 

Tendency to hypoglycemia 

Tendency to hypoglycemia 


a Many nitrogenous waste products are excreted, but urea and creatinine are the ones most commonly measured 


> Associated with renal bone disease and cardiovascular disease 
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Fig. 1.2 Graphical representation 
of the anatomy of the whole 
kidney (a) and an expanded rep- 
resentation of a single nephron 
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Presentation of Renal Disease 


Fig. 1.3 Relationship between 
serum creatinine concentration 
and GFR. The relationship is de- 
pendent on muscle mass, as 
illustrated by the difference be- 
tween the 20-year-old male and 
the 80-year-old female. In gen- 
eral a serum creatinine above the 
upper limit of the normal range 
(approximately 120 pmol/L) im- 
plies at least a 50% reduction in 
GFR. A rise from 100 pmol/L to 
200 pmol/L reflects a greater loss 
of renal function than a rise from 
400 pmol/L to 500 pmol/L 
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to form collecting ducts, calyces, and eventually the 
ureters, which leave each renal pelvis to drain the urine 
into the bladder. 

Renal function is best assessed by measurement of 
glomerular filtration rate (GFR). This can be considered 
a measure of the number of functioning nephrons. As 
renal disease worsens the number of functioning neph- 
rons diminishes and the GFR falls. 

The most accurate measures of GFR, such as inulin 
clearance, are too cumbersome for routine clinical prac- 
tice. For this reason measurement of creatinine clear- 
ance can be used as an estimate of GFR. Creatinine is 
derived from muscle metabolism. It is suitable for esti- 
mating GFR because it is produced at a constant rate, is 
almost entirely filtered at the glomerulus, and is not 
reabsorbed by the tubules. Measurement of creatinine 
clearance requires a 24-hour urine collection, which is 
often inconvenient for the patient, may lead to false 
results if the collection is incomplete, and precludes an 
immediate assessment of renal function. For these rea- 
sons measurement of serum creatinine concentration is 
the most commonly used test of renal function. The 
relationship between serum creatinine and GFR is 
shown in Figure 1.3. 

It is important to appreciate that the relationship 
between serum creatinine and GFR is inverse but not 
linear. The relationship between serum creatinine and 
GFR is dependent on muscle mass because creatinine is 
derived from muscle; as shown in the graph (Fig. 1.3), a 
20-year-old, muscular male weighing 90 kg with a se- 
rum creatinine of 200 pmol/L will have a much higher 
GFR than an 80-year-old female weighing 50 kg who 
also has a serum creatinine of 200 pmol/L. 

In the setting of constant muscle mass, and in the 
absence of dialysis treatment, a rising serum creatinine 


is a reliable indicator of worsening renal function and a 
falling serum creatinine is a reliable indicator of im- 
proving renal function. 


Ma Presentation of Renal Disease 


Renal disease may present in many ways depending on 
the underlying causes, the severity, and the duration of 
the disease. Renal disease may be primary (i. e., limited 
to the kidney) or secondary (i.e., occurring as part of a 
systemic disease affecting more than one organ). 


fl Proteinuria and/or Hematuria 


The presence of proteinuria and microscopic hematuria 
can easily be detected by commercially available dip- 
stick tests. Dipstick testing of urine is performed in a 
number of settings. Thus proteinuria and/or hematuria 
may be detected at a routine insurance or employment 
medical, during pregnancy, or during admission to hos- 
pital for unrelated reasons. It may also be detected 
when investigating patients with hypertension or ele- 
vated serum creatinine. 

Transient proteinuria detected by dipstick can be 
associated with a urinary tract infection, fever, and up- 
right posture (orthostatic proteinuria). Persistent pro- 
teinuria with or without hematuria suggests impaired 
size selectivity in the glomerular basement membrane 
and is therefore a marker of glomerular disease. The 
most abundant protein in the urine in the setting of 
glomerular disease is albumin. 

Dipstick proteinuria should be confirmed and quan- 
tified in a 24-hour urine sample or by calculating the 
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Fig. 1.4 aLight microscopy appearances of a cross section 
through a normal glomerulus (large arrow) and surrounding 
tubular segments (small arrow; hematoxylin and eosin stain). 
b IgA nephropathy, the most common primary glomerular 
disease. The main feature is expansion of the mesangium in 
a proportion of the glomeruli (arrow). The diagnosis is con- 
firmed by identifying immune complexes containing IgA in the 
mesangium by immunofluorescence and electron microscopy. 
c Diabetic nephropathy. The commonest systemic disease 
with associated glomerular involvement. The main distinguish- 
ing feature is the typical nodular glomerulosclerosis (arrows). 
(Photomicrographs courtesy of Dr. B. Young, Pathology Dept., 
Western Infirmary, Glasgow, UK) 


albumin:creatinine ratio on a spot urine sample. Dip- 
stick tests for hematuria actually detect hemoglobin, so 
a positive test should be confirmed by microscopy to 
detect red cells. If red cells are not present in a patient 
with dipstick “hematuria” then this suggests overspill 
of “free” plasma hemoglobin into the urine. In this 
situation the presence of dipstick “hematuria” is not 
due to glomerular or urinary tract disease and may 
occur in conditions such as “march” hemoglobinuria 
and paroxysmal nocturnal hemoglobinuria. 

The presence of proteinuria is often associated with 
hypertension. Depending on the severity and duration 
of the disease there may also be renal failure (see 
below). Heavy proteinuria (3 g per 24 hours) may be 
associated with hypoalbuminemia and peripheral 
edema and this triad is called the nephrotic syndrome. 
Identification of the nephrotic syndrome is important 
because the patient is at increased risk of thrombotic 
events, infection, and cardiovascular events. 

Isolated microscopic hematuria can also be a pre- 
senting feature of glomerular disease, but other bleed- 
ing lesions throughout the length of the renal tract 
should always be considered (see Chapter 7). 

The quantity of proteinuria, the presence of hema- 
turia, hypertension, and renal failure, the presence of 
nephrotic syndrome, the presence of systemic clinical 
features, and the duration of proteinuria can all give 
clues as to the likely histological diagnosis, but there is 
considerable overlap between the clinical features of 
the many primary and secondary glomerular diseases 
associated with proteinuria and hematuria (Table 1.2). 
The commonest primary glomerulopathy in adults in 
the developed world is IgA nephropathy, and the com- 
monest secondary glomerular disease is diabetic ne- 
phropathy (Fig. 1.4). 

In a patient with proteinuria and hematuria the 
possibility of two pathologies such as glomerular dis- 
ease and bladder carcinoma must always be enter- 
tained. 


| Renal Failure 


The kidneys have a large functional reserve, but if suf- 
ficient renal parenchyma is diseased then renal failure 
develops. There is no simple practical definition of renal 
failure. Table 1.2 shows that, with the exception of 
elevation of serum creatinine, the clinical manifesta- 
tions of failure of most of the functions of the kidney 
are not specific to renal failure. For this reason renal 
failure is usually diagnosed and monitored by measure- 
ment of serum creatinine. A pragmatic approach is to 
consider all patients with a serum creatinine higher 
than the upper limit of the “normal” range as having 
renal failure worthy of investigation. In the light of the 


Presentation of Renal Disease 


Table 1.2 Diseases to consider in the patient with chronic kidney disease* 


Renal parenchymal Prerenal 


Primary glomerular disease 

e.g., IgA nephropathy, membranous nephrop- 
athy, focal segmental glomerulosclerosis, Alport 
syndrome 

Interstitial disease e. g., ADPKD? 

analgesic nephropathy, nephrocalcinosis, 
nephronopthiasis 


Secondary diseases 

e.g., diabetic nephropathy, SLE ”, amyloidosis, 
sarcoidosis, myeloma, systemic sclerosis, Hepatitis 
B, C, HIV infection 


* This table is not exhaustive but illustrates the wide range of possibilities 


* Autosomal dominant polycystic kidney disease 


> Systemic lupus erythematosis 


earlier discussion, however, it should be appreciated 
that, in a patient with low muscle mass, a serum creat- 
inine rising within the normal range may indicate im- 
portant loss of renal function (Fig. 1.3). 

Renal failure is usually considered as acute or 
chronic. Again there are no universally agreed defini- 
tions, but ARF is usually considered as occurring over a 
period of days or weeks and CRF occurs over several 
months or years. 

Serum creatinine is one of the most commonly re- 
quested blood tests and, as with proteinuria or hema- 
turia, renal failure is often detected opportunistically in 
patients who are attending medical services for unre- 
lated reasons. Renal failure may also be detected in 
patients who are systemically unwell (in whom mea- 
surement of serum creatinine is regarded as a standard 
baseline investigation), have proteinuria detected on 
dipstick testing (see above), or develop oliguria in hos- 
pital (see Changes in Urine Volume below). 


pat 


Macroscopic Hematuria 


Macroscopic hematuria is usually caused by bleeding 
from structural lesions in the urothelial tract such as 
renal carcinoma, bladder carcinoma, or renal calculi. 
(For an overview of the causes and evaluation of macro- 
scopic hematuria see Chapter 7.) Occasionally, intermit- 
tent macroscopic hematuria can be a manifestation of 
glomerular diseases such as IgA nephropathy or post- 
streptococcal glomerulonephritis, or can complicate au- 
tosomal dominant polycystic kidney disease (ADPKD). 
In the first two examples hematuria of glomerular ori- 
gin can sometimes be confirmed by the presence of 
dysmorphic red cells on urine microscopy. 


Atherosclerotic renovascular disease 
Hypertensive nephropathy 
Severe chronic left ventricular failure 


Postrenal 


Chronic reflux nephropathy/chronic 
pyelonephritis 

Chronic prostatic hypertrophy 

Chronic bladder atonia, e.g. spina bifida 


Renal calculi 


E Loin Pain 


Pain in the upper renal tract is usually situated in the 
loin/flank area and often radiates to the iliac fossa and 
groin. Pain in this area should raise the suspicion of 
renal calculi, renal infection (acute pyelonephritis), re- 
nal infarction, or unilateral ureteric obstruction. Other 
renal diseases are sometimes associated with chronic 
intermittent loin pain, especially ADPKD, IgA nephrop- 
athy, and loin pain hematuria syndrome. 


E Changes in Urine Volume 


Urine volume is determined by both GFR and tubular 
reabsorption. 

GFR can be maintained over a wide range of systemic 
blood pressure due to autoregulatory mechanisms in- 
volving the renin-angiotensin system and prostaglan- 
dins. Severe and sustained circulatory failure will lead 
to oliguria due to a reduced GFR. 

Tubular reabsorption of filtrate is also controlled by 
homeostatic mechanisms. Tubular reabsorption can be 
inhibited by the administration of diuretics, alcohol, 
diabetes mellitus (due to the osmotic effects of glucose), 
and diabetes insipidus (impaired activity of vasopres- 
sin), all of which will result in polyuria. Diseases that 
impair tubular function (e.g., acute tubular necrosis, 
renal tract obstruction, chronic interstitial disease) 
may be associated with polyuria even if the GFR is 
reduced. This is often seen in the recovery phase of 
ARF and in incomplete urinary tract obstruction (see 
below). 

In most cases of acute or chronically reduced GFR 
(renal failure) the tubules are also diseased. Impaired 
GFR and tubular function have opposing effects on urine 
volume and so measurement of urine volume is not 
usually helpful in investigating the cause of renal fail- 
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ure. The exception to this is sudden complete anuria in 
the absence of severe hypotension which is highly sug- 
gestive of complete urinary tract obstruction. It should 
be stressed, however, that an incomplete urinary tract 
obstruction will usually be associated with ongoing 
urine output and possible polyuria and therefore ob- 
struction cannot be excluded on clinical grounds alone. 
Changes in urine volume can be helpful in monitor- 
ing the course of ARF, as an increase in urine output is 
usually the first sign of recovery of renal function. 


E Recurrent Urinary Tract Infection 


Urinary tract infection (UTI) is usually confined to the 
lower urinary tract. Recurrent UTI warrants investiga- 
tion of the urinary tract to exclude acquired or congen- 
ital anatomical abnormalities, impaired bladder empty- 
ing, urinary obstruction, and calculi (see Chapter 7). 


a Renal Disease Detected by Targeted Screening 


Sometimes asymptomatic patients are found to have 
renal disease when a relative is found to have a heredi- 
tary condition such as ADPKD, Alport syndrome, von 
Hippel-Lindau syndrome, or medullary cystic kidney 
disease. Targeted screening of relatives is important 
because renal disease is often asymptomatic until an 
advanced stage. 


Fig. 1.5 Histological appearances of a kidney with progres- 
sive renal failure. Note the presence of only one glomerulus in 
this low power field (large arrow) and widespread replacement 
of tubules with extensive amorphous fibrosis and chronic in- 
flammatory infiltrate (compared with Fig. 1.4a; highlighted by 
small arrows) The underlying diagnosis in this patient was IgA 
nephropathy, but these features are common to most causes 
of CRF. (Photomicrograph courtesy of Dr. B. Young, Pathology 
Dept., Western Infirmary, Glasgow, UK) 


E Urine Discoloration 


Occasionally patients present to nephrologists with dis- 
colored urine. This is usually due to hematuria, myo- 
globinuria, metabolism of a variety of medicines, or rare 
inherited enzyme defects such as alkaptonuria. 


Summary points: 

e Kidney disease typically presents with proteinuria/ 
hematuria, raised serum creatinine (renal failure), 
recurrent urinary tract infection, or by targeted 
screening for inherited diseases 
Assessment of renal function in routine clinical 
practice is based on the inverse relationship between 


serum creatinine and GFR 

A serum creatinine greater than the upper limit of 
the “normal” range usually implies renal failure and 
warrants further assessment 

The distinction between acute and chronic renal 
failure is arbitrary. ARF occurs over days/weeks and 
chronic occurs over months/years 


mE Natural History of Chronic Kidney 
Disease 


A substantial proportion of patients with CKD will re- 
main asymptomatic throughout their lives. Glomerular 
disease can often be self-limiting. Progression to CRF is 
an important potential consequence of CKD. It appears 
that progression to renal failure is secondary to a num- 
ber of hemodynamic and metabolic factors that are 
initially protective and are independent of the nature 
of the underlying causes.’ A relentless process is trig- 
gered, whereby loss of nephrons is associated with 
compensatory hyperfiltration in the remaining glomer- 
uli. This causes filtration of toxic substances into the 
tubules, causing further nephron loss and a destructive 
cycle ensues (Fig. 1.5). Eventually, insufficient nephrons 
remain to maintain total GFR and renal failure develops 
with a progressive (often linear) deterioration in renal 
function. 

Normal GFR is approximately 90-120 mL/min cor- 
rected for a body surface area of 1.73 m°. Symptoms of 
uremia do not usually start until GFR falls below 20 mL/ 
min and death from uremia does not usually occur until 
GFR is < 5 mL/min. Renal replacement therapy (dialysis 
or transplantation) is usually started when the GFR is 
5-20 mL/min and the timing of initiation of renal re- 
placement therapy is usually guided by patient symp- 
15-18 

There is now increasing evidence that even minor 
reductions in GFR are associated with significant mor- 


bidity, including increased cardiovascular risk and mal- 
nutrition,!*° despite the fact that the patient is likely 
to have no symptoms related to the reduced GFR. 


E Defining Chronic Kidney Disease 


The increased awareness of the prognostic importance 
of even a mild reduction in GFR and the availability of 
interventions that slow the rate of deterioration in renal 
function prompted the National Kidney Foundation of 
the United States to propose CKD as a single entity. They 
defined CKD as: 


“Evidence of structural or functional kidney abnor- 
malities (abnormal urinalysis, imaging studies, or 
histology) that persist for at least three months, 
with or without a decreased GFR (as defined by a 
GFR of < 60 mL/min per 1.73 m2). The most common 
manifestation of kidney damage is persistent albu- 
minuria.””! 


Using a representative sample of 15 625 adults from 
the general population it was recently estimated that 
3.3% of the US adult population has persistent albu- 
minuria with preserved renal function (GFR > 90 mL/ 
min), 7.5% of the population have CKD with GFR 
15-89 mL/min, and 0.2% of the population have CKD 
with GFR < 15 mL/min (including all patients on renal 
replacement therapy).?7 

The definition of CKD as a single entity has been 
combined with increased efforts to detect kidney dis- 
ease at an earlier stage, to identify patients at high risk 
of progression, and to design intervention strategies to 
prevent or slow the rate of progression. Lowering of 
blood pressure with regimens that include agents that 
inhibit the renin-angiotensin system has been shown 
to be highly effective at slowing the rate of deteriora- 
tion in renal function for a wide range of causes,??-?° 
Other interventions such as reduced dietary protein 
intake, immunosuppressive treatment, and intensive 
treatment of hyperglycemia appear to be effective in 
selected patients.?*78 


Summary points: 

e It is estimated that 7.5% of adults have chronic 
kidney disease with reduced renal function (low GFR) 

e CKD has a tendency to progress to kidney failure 


e Any reduction in GFR is associated with increased 
cardiovascular morbidity and mortality 

e Increased efforts to detect CKD at an early stage will 
allow interventions to slow the rate of deterioration 


in GFR and reduce other cardiovascular risk factors 


Investigating the Patient who Presents with Renal Disease 


ME Investigating the Patient who 
Presents with Renal Disease 


As described previously, dipstick testing of urine, mea- 
surement of serum creatinine, and targeted screening 
will identify most patients with significant kidney dis- 
ease. Once detected the clinician should attempt to es- 
tablish the causes, determine if reduced GFR is present 
(renal failure), and attempt to establish the duration of 
renal disease. This information will determine if any 
specific treatment is available, the likely response to 
such treatment, and provide prognostic information. 


m Approach to Acute Renal Failure 


If a raised serum creatinine is present it is important to 
try to establish whether this is acute or chronic, as the 
differential diagnosis and urgency of investigation and 
treatment differ. A search for previous measures of 
renal function should be made. A patient with a serum 
creatinine of 300 pmol/L clearly has ARF if serum creat- 
inine was 80 pmol/L two weeks before, but has CRF if 
serum creatinine was 300 pmol/L two weeks before and 
200 pmol/L two years before that. 

Previous measures of renal function are often not 
available or are inconclusive, but other features can be 
helpful. The presence of oliguria (< 0.5 mL urine per kg 
body weight per hour), recent onset of an acute illness, 
or daily deterioration in renal function are suggestive of 
ARF, while the presence of small kidneys (<8 cm in 
adults) on ultrasound is suggestive of CRF. When con- 
sidering the distinction between ARF and CRF it must be 
emphasized that patients with CRF often have an acute 
deterioration in renal function (“acute on chronic renal 
failure”) in association with an acute systemic illness or 
nephrotoxic medicines. 

The cause of ARF is best considered in terms of 
prerenal, postrenal, and renal parenchymal causes 
(see Table 1.3). 

Prerenal ARF is the commonest type of ARF and 
impaired blood supply to the glomeruli must be con- 
sidered in all cases. Prerenal causes of ARF involve 
impaired blood supply to the glomeruli, often associ- 
ated with tubular hypoxia that can eventually lead to 
acute tubular necrosis (ATN). Prerenal ARF usually re- 
sults in oliguria and is usually associated with minimal 
or no protein and blood on urine dipstick testing. Med- 
icines that impair the vascular autoregulatory mecha- 
nisms that preserve GFR during times of impaired glo- 
merular blood flow will exacerbate the ARF (angioten- 
sin-converting enzyme [ACE] inhibitors, angiotensin 
receptor antagonists, nonsteroidal anti-inflammatory 
drugs [NSAIDs]). When a patient develops intravascular 
fluid depletion or becomes markedly hypotensive, 
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Table 1.3 Causes of acute renal failure 


Prerenal Postrenal 


Hypovolemic shock 


Septicemic shock carcinoma 


Severe heart failure 
Liver failure (hepatorenal syndrome) 


peritoneal fibrosis 
Aortic thrombosis 


Obstruction of a single functioning kidney, 


Polyarteritis nodosa e.g. ureteric calculus 


Cholesterol emboli syndrome 


Bladder outflow obstruction, e.g. prostatic 


Bilateral ureteric obstruction, e.g. bladder 
carcinoma, invasive cervical carcinoma, retro- 


Renal parenchymal 


Acute glomerulonephritis, e.g. in association 
with systemic vasculitis, Goodpasture dis- 
ease, poststreptococcal glomerulonephritis, 
hemolytic uremic syndrome 


Direct tubular toxicity, e. g. rhabdomyolysis, 
myeloma, contrast nephropathy, cisplatin 


Acute interstitial nephritis, e.g. allergic drug 
reaction, hantavirus infection 


Poisoning, e.g. paracetamol 


these agents interfere with the normal protective vas- 
cular response, rendering the glomeruli and tubules 
much more vulnerable to damage from hypoperfusion 
and hypoxia. 

Postrenal ARF implies either obstruction to bladder 
outflow or both ureters, unless the patient only has a 
single functioning kidney. Complete obstruction will 
cause anuria, whilst partial obstruction is often associ- 
ated with polyuria because of impaired ability of the 
tubules to reabsorb filtrate (see Changes in Urine Vol- 
ume above). Eventually this polyuria can lead to sys- 
temic extracellular fluid depletion, adding a prerenal 
component to the ARF and causing oliguria. The urine 
stasis proximal to the obstruction can often lead to UTI 
with systemic sepsis, leading to worsening of ARF. In 
this clinical situation immediate relief of the urinary 
tract obstruction is required to treat both the systemic 
sepsis and the ARF. 

Acute renal parenchymal disease is a rare cause of 
ARF. Acute renal parenchymal disease is suspected 
when there is no history to suggest a prerenal cause 
of ARF, no evidence of systemic sepsis, and imaging 
reveals normal-sized, unobstructed kidneys. An acute 
glomerulonephritis is suspected if there is heavy pro- 
teinuria and hematuria on dipstick testing and urine 
microscopy reveals red cell casts. Common causes of 
acute renal parenchymal disease are listed in Table 1.3. 
Imaging does not help further with the diagnosis and 
renal biopsy is usually required to determine the causes 
when renal parenchymal disease is suspected. 

When considering the causes of ARF it should be 
remembered that a large proportion of cases are multi- 
factorial and that sometimes the distinctions are artifi- 
cial. For example, rhabdomyolysis as a cause of ARF 
involves a prerenal component (related to movement 
of fluid from the intravascular space into the ischemic 
muscle) and a renal parenchymal component (related 
to the direct tubular toxicity of filtered myoglobin re- 
leased from necrotic muscle). Similarly, small vessel 
vasculitis is considered as a renal parenchymal cause 
of ARF but in pathophysiological terms can be consid- 
ered as a prerenal cause. 


The vast majority of cases of ARF involve a prerenal 
component and the urgency of investigation and treat- 
ment should reflect the fact that prerenal failure can be 
seen as a marker of severity of acute systemic disease. 
Life-threatening hyperkalemia and respiratory failure 
should be addressed before more detailed assessment 
is performed. 

The history and examination should elicit evidence 
of recent blood and fluid losses, evidence of and poten- 
tial sites of sepsis, features of severe heart failure, in- 
gestion of nephrotoxic medicines (including ionic con- 
trast media), symptoms of bladder outflow obstruction, 
and evidence of an enlarged bladder. Repeated mea- 
sures of blood pressure, pulse rate, arterial oxygen con- 
tent, and body temperature help to identify circulatory 
failure and systemic sepsis. 

Investigation to determine the causes of ARF should 
be directed by the history and examination but may 
include culture of blood and fluid from any possible 
source of infection, for example urine, sputum, tests 
of liver function and cardiac ischemia, and measure- 
ment of various factors in the blood that can help to 
narrow the differential diagnosis such as c-reactive 
protein, calcium, eosinophil count (raised in cholesterol 
emboli syndrome, Churg-Strauss syndrome, acute al- 
lergic interstitial nephritis), creatinine kinase (raised in 
rhabdomyolysis), antineutrophil cytoplasmic antibody 
(vasculitis), and antiglomerular basement antibody 
(Goodpasture disease). 

Monitoring of urine volume is rarely of diagnostic 
value, for reasons described previously, but increasing 
urine volume after a period of oliguria can be a useful 
way of assessing response to treatment. Similarly, 
measurements of urine osmolality and urine sodium 
concentration are rarely of diagnostic value but can 
provide prognostic information. 

Imaging to exclude urinary tract obstruction is es- 
sential in most cases, as early treatment can rapidly 
correct renal failure whilst prolonged obstruction can 
cause irreversible renal damage. Obstruction can be 
diagnosed by the presence of hydronephrosis; an ultra- 
sound scan of the kidneys has the advantage over other 


modalities, such as CT and MR imaging, as it provides a 
rapid answer, is cheap, and portable. Ultrasound exami- 
nation to exclude obstruction does not require the ad- 
ministration of ionic contrast media that are nephro- 
toxic and may exacerbate the ARF. If hydronephrosis is 
detected, CT and MR imaging are more likely to identify 
the cause of the obstruction than ultrasound. 

Imaging to exclude obstruction should be performed 
as early as possible. Imaging should be regarded as a 
matter of urgency in a patient who has evidence of 
systemic sepsis of undetermined source and when 
there are clinical features that raise the possibility of 
urinary obstruction, for example known cervical carci- 
noma. In these cases immediate treatment of pyone- 
phrosis by nephrostomy can be life-saving. Imaging is 
not necessary when clear reversible causes are present 
on initial assessment, therapy is instituted (e. g., intra- 
venous fluid replacement), and there is clear evidence 
of a prompt response (within the first few hours of 
treatment) with a return to normal renal function 
within a few days. 

Occasionally obstruction may be present without 
hydronephrosis. This can happen in the first few days 
of obstruction when the collecting system is relatively 
noncompliant and can also happen when the ureters 
and collecting systems are encased with tumor or fi- 
brosis. In the latter situation a CT scan can identify the 
encasing tumor. Similarly, detection of hydronephrosis 
can sometimes be difficult in patients with multicystic 
kidneys and in this situation CT scanning and intra- 
venous urography should be considered. 

The approach described above also applies to pa- 
tients with acute on chronic renal failure. 


Summary points: 
The causes of ARF are best considered under the 
headings of “prerenal,” “postrenal,” and “renal pa- 
renchymal” causes 
The most frequent causes of ARF are prerenal. 
Incomplete urinary tract obstruction can cause 
polyuria 
Ultrasound examination to exclude urinary tract 
obstruction is required in cases of ARF that do not 
respond to initial treatment and where other clinical 
features point to the possibility of obstruction 
If pyonephrosis is present relief of obstruction by 
nephrostomy can be life-saving 
Urinary tract obstruction can occasionally be present 
without hydronephrosis 
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a Approach to Patients with Chronic Kidney 
Disease 


As described earlier, the National Kidney Foundation of 
the United States has suggested that CKD should be 
considered as a single entity, defined as evidence of 
structural or functional kidney abnormalities with or 
without a decreased GFR.?! 

The presence of persistent significant proteinuria (or 
albuminuria) at the level detected by dipstick tests 
(approximately > 300 mg protein per day, depending 
on how concentrated the urine is at the time of testing) 
is suggestive of glomerular disease and warrants fur- 
ther assessment. The presence of preserved renal func- 
tion, as assessed by serum creatinine, suggests that 
either the onset of disease is relatively recent or that 
the disease is nonprogressive. 

Identification of CKD is an opportunity to prevent, 
reverse, or more likely slow the rate of progression to 
requiring renal replacement therapy and reduce the 
risk of associated cardiovascular disease. Assessment 
of the patient with CKD is aimed at identifying the 
cause of CKD, assessing the severity of any impairment 
of each of the functions of the kidney (Table 1.1), iden- 
tifying additional aggravating factors (e. g., the admin- 
istration of NSAIDs), and assessing the associated car- 
diovascular risk factors. 


Causes 


There are many diseases that can cause CKD (Table 1.2) 
and they are best considered as renal parenchymal, 
prerenal, and postrenal (obstructive). Renal parenchy- 
mal diseases can be considered as primary (i.e., con- 
fined to the kidney) or secondary renal diseases (as part 
of a multisystem disorder). The most common causes of 
end-stage CKD requiring renal replacement therapy ina 
selection of European countries is shown in Figure 1.1. 

A detailed history and examination to identify fea- 
tures of systemic diseases with possible renal involve- 
ment, and consumption of prescribed and proprietary 
medication is essential. Patients should be asked di- 
rectly about a family history of inherited renal disease 
such as ADPKD or Alport syndrome. 

The age and gender of the patient, the presence or 
absence of hematuria, the quantity of proteinuria, the 
presence of nephrotic syndrome, and urine microscopy 
all help to narrow the differential diagnosis, but further 
investigation is required to establish a firm diagnosis. 
Tests such as measurement of serum immunoglobulin 
and complement concentrations can help to narrow the 
differential diagnosis but are not diagnostic. Similarly, 
the presence of a monoclonal band on serum electro- 
phoresis, antinuclear factor (ANF), antineutrophil cyto- 
plasmic antibody (ANCA), or raised serum ACE concen- 
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tration may all suggest renal involvement in systemic 
diseases such as myeloma, systemic lupus erythemato- 
sis, vasculitis, or sarcoidosis, respectively, but further 
investigation is required to establish the true renal 
diagnosis. 


Renal imaging should be performed in almost every 
patient with CKD. Imaging may provide a single diag- 
nosis or may narrow the differential diagnosis. Imaging 
may also provide prognostic information and informa- 
tion to guide further investigation. 

Ultrasound scanning is the most widely applied form 
of renal imaging, but there is also a role for the plain 
radiograph, intravenous urography (IVU), and nuclear 
imaging in selected cases. Furthermore, spiral CT and 
MR imaging appear increasingly valuable as they be- 
come more widely available and the speed of imaging 
improves. 

Ultrasound is usually diagnostic for chronic obstruc- 
tive uropathy, ADPKD, medullary cystic kidney disease, 
renal agenesis, duplex ureteric systems, and horseshoe 
kidney. Ultrasound can reveal morphological features 
that are highly suggestive of the diagnosis in conditions 
such as renal artery stenosis (RAS), chronic pyelone- 
phritis, nephrocalcinosis, and von Hippel-Lindau dis- 
ease. 

A common finding in the investigation of patients 
with CKD and advanced renal failure is bilateral shrun- 
ken kidneys (< 8 cm in bipolar diameter) with cortical 
thinning and loss of corticomedullary differentiation. 
Histological appearances of these kidneys reveals ex- 
tensive glomerulosclerosis, tubular atrophy, and inter- 
stitial fibrosis, and this appears to be the final common 
pathway for most causes of progressive CKD (Fig. 1.5). 
The finding of bilateral shrunken kidneys in a patient 
with CKD is therefore not diagnostic but implies further 
progressive renal failure is inevitable. Further invasive 
investigation such as renal biopsy is unlikely to provide 
any further useful information in these patients. Sim- 
ilarly, the finding of shrunken kidneys suggests that 
invasive treatments such as renal artery stenting for 
RAS or ureteric stenting for hydronephrosis are likely 
to be fruitless. 

A diagnosis of atherosclerotic RAS should always be 
entertained in a middle-aged or elderly patient with 
CKD who is hypertensive and has evidence of athero- 
sclerotic disease elsewhere, especially when kidney 
size is asymmetric. Some authors have suggested that 
ultrasound Doppler assessment of the renal artery is 
sufficiently sensitive and specific for the diagnosis of 
RAS.”° Doppler ultrasound of the renal arteries appears 
to be highly operator-dependent and time-consuming, 
however. Conventional renal arteriography remains the 


gold standard for the diagnosis of RAS, but has the 
disadvantage that it is invasive and can be associated 
with life-threatening complications, including contrast 
nephropathy or cholesterol emboli syndrome. In many 
centers, including ours, magnetic resonance angiogra- 
phy (MRA) is now the investigation of choice in patients 
with suspected RAS.*° MRA can also be used to calculate 
individual kidney GFR, as well as providing information 
on kidney size, cortical thickness, and renal artery pa- 
tency. MRA therefore offers the prospect of providing a 
large amount of information from a single test. 

Recent evidence suggests that a low resistive index 
(RI) using Doppler ultrasound is predictive of a benefi- 
cial response to revascularization in patients with 
RAS.*! This finding requires further confirmation but 
could provide a further role for ultrasound in the as- 
sessment of patients with CKD. 


m Consequences of Chronically Diseased Kidneys 


Chronically diseased kidneys have an increased like- 
lihood of developing cystic change. This appears to be 
associated with an increased risk of developing renal 
carcinoma.???? The kidneys can be imaged with ultra- 
sound or CT depending on availability. The native kid- 
neys should not be forgotten as a potential source of 
hematuria in patients on dialysis or patients with a 
renal transplant, and some authors advocate regular 
surveillance of the native kidneys in these patients. 

Chronically diseased kidneys are also at increased 
risk of infection, which can lead to abscess formation 
within the kidney or in the surrounding tissue (peri- 
nephric abscess). Patients with ADPKD often experience 
acute loin pain due to hemorrhage within a cyst. This is 
usually self-limiting and the offending cyst can some- 
times be identified on ultrasound or CT scanning. Ultra- 
sound-guided puncture of the offending cyst can lead to 
an improvement in pain and should be considered if 
there are clinical features that suggest the cyst is in- 
fected. 


Summary points: 

e Identification of CKD is an opportunity to slow the 
rate of progression to requiring renal replacement 
therapy and reduce the risk of associated cardio- 
vascular disease 

e The causes of CKD are best considered as renal 
parenchymal, prerenal and postrenal 

e Renal parenchymal diseases can be considered as 
primary or as part of a multisystem disorder 

e Imaging should be performed in most patients with 
CKD 


e Ultrasound scanning may provide a single diagnosis 
or may narrow the differential 

e Measurement of kidney size and resistive index can 
provide useful prognostic information 

e Other non-invasive imaging modalities such as MR 
and spiral CT appear increasingly useful, especially 
for assessing renovascular disease 

e Chronically diseased kidneys should not be forgotten 
as a source of hematuria or sepsis in patients on renal 
replacement therapy 


Ms Conclusion 


Renal disease is common and consumes a large propor- 
tion of health resources in developed countries. ARF 
usually presents in the context of severe systemic ill- 
ness, but it is important to exclude other causes such as 
urinary obstruction or acute renal parenchymal disease. 

Increasing recognition of the cardiovascular risk as- 
sociated with even mild reduction in renal function and 
an improved understanding of the pathophysiology of 
progressive renal failure has led to a focus on CKD as a 
single entity. Early detection and investigation of CKD 
to attempt to prevent or slow progression toward the 
need for renal replacement therapy is expected to 
greatly reduce morbidity and mortality. 

At present ultrasound is the renal imaging modality 
most widely used to investigate patients with ARF and 
CKD. Other modalities such as CT and MR imaging offer 
some advantages over ultrasound in imaging renal ar- 
teries, renal masses, and identifying the cause of any 
urinary obstruction. Ultrasound is likely to remain the 
first-line renal imaging investigation for most patients 
with renal disease, however, because of its widespread 
availability and portability. The application of advanced 
ultrasound techniques such as measurement of RI may 
be of value in selected cases in the future. 
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2 The Normal Kidney 


G. M. Baxter 


= Anatomical Relationships of the 
Kidney 


The normal anatomical relationships of the kidney have 
been appreciated for many years. They are retroperito- 
neal organs lying on either side of the vertebral column, 
traditionally the left kidney lying at a higher level than 
the right and being shaped as the name implies 
(Fig. 2.1a). In general the lower poles lie more laterally 
than the upper. 

Medially they are bordered by the psoas muscle, with 
the aorta on the left and the inferior vena cava (IVC) on 
the right, and superiorly by the adrenal glands. The 
anterior relationships of the kidneys are many (Fig. 2. 
1b). The kidneys themselves are surrounded by peri- 
renal fat with a further layer of renal fascia both ante- 
riorly and posteriorly, i.e. Gerota’s fascia, which sepa- 
rates the perirenal from the pararenal spaces. Although 
not visualized on ultrasound, these are much better 
appreciated on computed tomography (CT; Fig. 2.2) 


Fig. 2.1 a Coronal depiction of 


the anatomy of the posterior Right 
abdominal wall and retroperi- Kidney 
toneum 

(AO = aorta, B = bladder; IVC = liver 


inferior vena cava; LCIA = left 
common iliac artery; LEIA = left 
external iliac artery; LK = left 
kidney; LRA = left renal artery; 
LRV = left renal vein; P = psoas; 
R = rectum; RAD = right adrenal 
gland; RK = right kidney; RP = 
renal pelvis; RU = right ureter) 
b The anterior relationships of 
the right and left kidney. The 
visceral peritoneum has been left 
in blue 


Small intestine 
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Fig. 2.2 Axial CT scan through the renal area. The main 
anatomical structures have been marked. The perirenal and 
pararenal spaces are separated by the anterior and posterior 
perirenal fascia, more commonly known as Gerota’s fascia 
(arrows) 

(AO = aorta; D = duodenum; IVC = inferior vena cava; LI = liver; 
LK = left kidney; LRV = left renal vein; PARS = pararenal space; 
PRS = perirenal space; RK = right kidney; RRA = right renal 
artery; SMA = superior mesenteric artery; SMV = superior 
mesenteric vein) 


liver 


Fig. 2.3 A small amount of ascitic fluid is seen between the 
liver and right kidney (arrow). This is a key area to check for 
abdominal fluid 


and are more easily delineated when retroperitoneal 
fluid or inflammation is present. On the right, the re- 
flection of peritoneum between the inferior surface of 
the liver and kidney, i.e. the hepatorenal fossa or Mor- 
rison’s pouch, is generally appreciated when ascitic 
fluid or fluid of any nature is present within the upper 
abdomen. This area between the right kidney and liver 
is often one area to specifically view when small 
amounts of abdominal fluid require detection (Fig. 2.3). 


[= Anatomy of the Kidney 


Embryologically the kidney begins within the pelvis 
and ascends to its normal anatomical position in the 
retroperitoneum of the upper abdomen. It is therefore 
possible that this superior migration can be prema- 
turely interrupted at any point in the process. If the 
kidney is not observed in its normal anatomical posi- 
tion then, it should be sought within the lower abdo- 
men or pelvis. The kidney develops from a number of 
“lobes” in the fetus, which normally merge, resulting in 
a kidney with a smooth surface. However, some may 
persist on the surface of the kidney, giving a slightly 
normal but nodular appearance known as fetal lobula- 
tion (see p. 24, Fetal Lobulation).! 

Renal length is often quoted as being 10-12 cm, but a 
much wider range is normally visualized in patients 
with normal renal function, and any specific measure- 
ment should be related to the patient’s age and build, 
including height and weight.” If renal size falls below 
these values, any comment on renal function without 
biochemical correlation should be guarded. In addition, 
it is important to remember that in some patients, 
because of the axis of the kidney, it may be difficult to 
measure a “true” renal length and some foreshortening 
may occur. Furthermore, there is both interobserver 
and intraobserver variation in such measurements 
and again this has to be taken into consideration. 
What is certain, however, is that ultrasonic measure- 
ments are generally smaller than those traditionally 
used, for example with intravenous urogram (IVU), 
largely due to the lack of any radiographic magnifica- 
tion factor and the fact that ultrasound is the most 
accurate modality for defining renal length when com- 
pared with plain film, IVU, or renal angiography.* 

The kidney itself is surrounded by a fibrous capsule 
with the renal parenchyma lying immediately beneath 
it. The cortex occupies the most peripheral margin, then 
the inner medulla, which consists of the renal pyramids 
arranged in an orderly fashion around the renal sinus, 
which largely consists of fat. Projections of cortex ex- 
tending into the sinus between the pyramids are called 
septa or columns of Bertin.! 

Apart from fat, the renal sinus contains the renal 
vessels, i.e. the artery and vein, and the renal pelvis. 
The tips of the pyramids project to the calyces, which 
point to form the collecting system and renal pelvis 
(Fig. 2.4). The renal pelvis in the majority is largely 
confined to the renal sinus. However, it may project 
out and be “extrarenal” in position. This is of no signifi- 
cance apart from that it may be confused with a para- 
pelvic cyst, hydronephrosis, or even in certain circum- 
stances a perirenal fluid collection. 

The renal veins lie anterior to the arteries and divide 
at renal sinus level. Most kidneys are supplied by a single 


Fig. 2.4 a Schematic representation of the normal kidney. 
b Normal kidney, longitudinal axis. c Transverse axis for com- 
Parison 

(AAV = arcuate artery and vein; C = cortex; G = glomerulus; IAV 
= interlobar artery and vein; LI = liver; LOH = Loop of Henle; M = 
medulla; MC = minor calyx; P = pyramid; PF = perirenal fascia; 
PFAT = perirenal fat; RA = renal artery; RP = renal pelvis; RPAR = 
renal parenchyma; RS = renal sinus; RV = renal vein; U = ureter; 
V = vessel) 


renal vessel. However, accessory vessels are well-docu- 
mented with an incidence of 20-27%.>° The main renal 
vessel itself divides into a number of segmental 
branches which then subdivide into interlobar branches 
with, finally, small branches running around the cortico- 
medullary junction, called the arcuate vessels. 


Summary points: 

e The kidneys are paired retroperitoneal organs and 
embryologically ascend from the pelvis to the ab- 
domen 

e The kidney develops from a number of lobes which, 
if they persist, may give a nodular surface known as 


fetal lobulation 

e Renal length depends upon height, weight, age, and 
sex 

e The renal sinus contains fat, renal pelvis, the renal 
artery, and the renal vein 

e Most kidneys are supplied by a single artery; the 
incidence of accessory vessels is 20-27% 


Ultrasound Examination 


© Ultrasound Examination 


E Technique 


The patient is fasted as for an upper abdominal scan. 
However, it is normal in many institutions if only the 
kidneys are being interrogated not to specifically fast 
the patient, although this will clearly vary from center 
to center. The examination normally begins with the 
patient lying in the supine position; the right kidney is 
normally assessed first. The liver may be used as an 
acoustic window; the transducer is generally in a sub- 
costal or intercostal position, depending on the pa- 
tient's build. The examination can be conducted in quiet 
respiration or the patient may be asked to breath-hold 
on inspiration. Imaging is normally performed in the 
longitudinal and axial planes. The kidney is then re- 
examined with the patient in the right oblique position, 
i.e. the right side raised, this being particularly useful if 
there is difficulty visualizing either the upper or lower 
poles in the supine position, which may occur for a 
number of reasons. The left kidney is also visualized, 
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initially with the patient supine; scanning is performed 
in a more posterior and lateral position than that of the 
right kidney. In general terms the left kidney is a little 
more difficult to visualize due to bowel gas in the 
adjacent splenic flexure and/or small bowel, and be- 
cause of this it is often necessary to raise the patient 
into a left oblique position and even into the full left 
lateral decubitus position to obtain suitable and com- 
plete access. The spleen, like the liver on the right, may 
also be used as an acoustic window. 

Prone scanning may be useful in children, but in 
general terms is not merited in the adult apart from 
when performing a traditional renal biopsy. 

With regard to the gray-scale findings, a number of 
criteria are normally considered. These include the re- 
nal size, parenchymal thickness, and subjective corre- 
lation with the patient’s age and build. In addition, the 
renal parenchymal echogenicity is also routinely as- 
sessed. Vasculature can also be assessed, although 
only superficially with gray-scale ultrasound. However, 
a more detailed examination can be performed with the 
color Doppler technique. 


Table 2.1 Normal values for renal length, including renal 
volume and renal length calculation for children > 1 year 


"Median renal length (cm) No. of subjects 
Right Left 
10.9 11.2 6657 
(9.8-12.2) (10.1-12.3) 
11.00 11.2 1757! 
(10.2-11.8) (10.3-12.1) 
Renal volume 
134 cm? 146 cm? 6657 
Children > 1 year of age 
Renal length = 6.79 + 203° 


0.22 x age (cm) 


. 


9.42 cm 


Fig. 2.5 a Longitudinal axis measurement of the right kidney 
with the patient in the supine position. The kidney measures 
9.42 cm. b The same patient as in Fig. 2.5a but in the right 


Apart from measuring renal length and assessing 
parenchymal thickness and echogenicity, it is impor- 
tant that the perirenal structures and organs are as- 
sessed. If a renal abnormality is present, then assess- 
ment of the entire urogenital tract, renal vein, IVC, liver, 
and retroperitoneum is appropriate. 


aa Assessment Criteria 
Renal Size 


The left kidney is normally a little larger than the right 
(Table 2.1). It is important when measuring renal size 
to measure the full length of the kidney, as previously 
mentioned, as it is easy to foreshorten and obtain a 
falsely low measurement. In general, multiple measure- 
ments give a more overall accurate measurement and 
routine measurements made in the supine and oblique 
positions help overcome any potential underestimation 
(Fig. 2.5). With good technique, measurement errors 
should be within 1.85 cm in the adult. However, inex- 
perience and poor technique is likely to increase the 
margins of error. Renal length, however, is a good work- 
ing overall assessment of the kidney and in most pa- 
tients provides a fairly accurate assessment of renal 
size. Nevertheless, small differences in measurements 
should be interpreted with caution. These measure- 
ments are used commonly by the renal physician in 
conjunction with other criteria to help determine 
whether renal failure is likely to be acute or chronic. 
As a rule of thumb a renal length of > 10 cm is normal 
and < 9 cm would be regarded as abnormal, dependent 
on age, weight, and size of patient. A kidney < 8 cm is 
almost certainly a manifestation of chronic disease. 
Volume measurements of the kidney can also be 
calculated either by measuring the area of the kidney 


SS S 


wae - 
SR 


10.49 cm 


oblique position. The kidney now measures 10.49 cm. It is 
important to turn the patient to optimize the maximum renal 
length for accurate measurements 


in serial slices and summing (an accurate method) or by 
using various computerized elliptical drawings around 
the kidney itself. Both methods have errors, however, 
and as with renal length, these specific measurements, 
although important, may be less important than a 
change in value over a specific time period. A simpler 
and less time-consuming alternative for volume calcu- 
lation is to measure the length, anterior-posterior, and 
transverse diameters of the kidney, and multiply all 
three by 0.5. 

One study measuring renal length and parenchymal 
volume concluded that in those with normal renal 
function the length on the kidney was the most impor- 
tant measurement, whilst in end-stage renal failure the 
parenchymal volume was more appropriate.® 


Parenchymal Thickness 


Although cortical and parenchymal thickness can be 
measured, it is important to remember that this is 
variable and, like renal length, depends upon age?® 
and size of the patient and exactly where the cortex 
or parenchyma is being measured. For completeness, 
the cortical thickness is the distance between the cap- 
sule of the kidney and the outer margin of the pyramid, 
whilst the parenchymal thickness is the distance be- 
tween the capsule and the margin of the sinus echo 
(Fig. 2.6). In my opinion, the latter is easier to perform 
and more reproducible and is likely to be of more value 
if serial measurements are being performed. The size 
and cortical thickness of kidneys vary and, like most 
physiological measurements, there is a degree of over- 
lap between normal and disease states. No normal val- 
ues have been published. In general terms, both renal 
length and parenchymal thickness are reduced in pa- 
tients with impaired renal function, although clearly in 
some patients length may be more affected than thick- 
ness and vice versa. It has been shown that there is a 
linear relationship between thickness and length of the 
kidney. When this was correlated with biopsy and clin- 
ical outcome, irreversible change was present in those 
kidneys with a parenchymal thickness of < 1.0 cm ora 
renal length < 9.0 cm.!0!! 

As a rule of thumb, an experienced individual will 
assimilate renal length and cortical thickness appear- 
ances to give a global assessment of renal size in rela- 
tion to the clinical condition and biochemical values if 
stated. 


Renal Echogenicity 


The third parameter normally assessed is the cortical 
echogenicity and this is done by comparing it with the 
adjacent liver or spleen. Echogenicity varies with age, 
i.e., at birth the cortex is relatively hyperechoic due to 


Ultrasound Examination 


Fig. 2.6 Axial image of the right kidney. The cortical thick- 

ness (distance between capsule and outer margin of the pyr- 
amid) is shown in green and the parenchymal thickness (dis- 

tance between the capsule and the margin of the sinus echo) in 
white 


an increased number of glomeruli compared with the 
adult.'? Furthermore, corticomedullary differentiation 
is increased and sinus fat is almost absent. By adulthood 
the cortex is less echogenic and the sinus fat hyper- 
echoic. A further assessment is also made of the degree 
of corticomedullary differentiation in conjunction with 
the appearance of the medullary pyramids. 

The normal kidney can usually be easily identified 
because of the contrast between the darker paren- 
chyma and the bright sinus fat. The cortical renal re- 
flectivity can be easily subjectively assessed by compar- 
ison with the adjacent organs, i.e. liver or spleen, as- 
suming of course these organs are normal, which may 
not necessarily be the case (Fig. 2.7). 

In general the cortex is less echogenic than that of 
the liver’? and spleen, although the degree of contrast 
will vary depending on machine settings and various 
processing programs, which can range from high con- 
trast to flatter, lesser degrees of contrast. What is ap- 
preciated, however, is if the renal cortex has a brighter 
echogenicity than the liver, this is a good indicator of 
renal parenchymal disease. Those kidneys that have an 
echogenicity equivalent to or less than that of the liver 
will in fact have normal renal function.'*"* It is impor- 
tant to remember that despite these “working rules,” 
patients with normal-appearing kidneys may still have 
disease. 

The medullary pyramids are generally darker than 
the overlying cortex and are identified by their regular 
distribution around the inner margin of the paren- 
chyma adjacent to the renal sinus. The pyramids are 
not seen as routinely in the native kidney as, for exam- 
ple, when compared with a transplant kidney, where 
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Fig. 2.7 a Image of a liver showing a geographical variation in 
echogenicity consistent with an area of normal liver and an 
area of fatty infiltration. b,c Images of the right kidney, at 
exactly the same settings, against different areas of the liver; 
in (b) the kidney looks much darker than in (c) but this variation 
is simply the relative contrast with the changing liver back- 
ground 


Fig. 2.8 a Longitudinal image of the left kidney showing some 
bright fine echoes around the renal pyramid (arrow). This is 
likely to represent interlobar arterial calcification. b The same 


resolution is generally excellent due to its superficial 
position. Small reflective foci may be seen adjacent to 
the pyramids and these are likely to represent the 
interlobular and arcuate vessels (Fig. 2.8). Visualization 
of the margins between the pyramids and cortex are 
normally well-defined, but in any condition resulting in 
inflammation and/or edema, this corticomedullary dif- 


kidney as in Fig. 2.8a showing more extensive interlobar arte- 
rial calcification (arrows). This type of fine calcification is nor- 
mally related to the renal pyramids 


ferentiation may be lost, or depending on the condition, 
can even be enhanced. 

The renal parenchyma normally reduces with age 
whilst simultaneously there is generally an increase in 
the amount of fat within the renal sinus. This slight 
thinning can be normal; in general it does not result 
in a reduction in renal length. 


Summary points: 

e The kidneys should be examined with the patient in 
multiple positions, e.g., supine, oblique, decubitus 

e A renal length > 9.0 cm is regarded as normal 


e No normal range of parenchymal thickness mea- 
surements exist. However, a thickness of < 1.0 cm is 
associated with irreversible change 

e Renal echogenicity equal to or less than that of the 
liver is associated with normal renal function 


a Renal Vasculature 


Although the renal arteries and veins can be visualized 
on gray-scale ultrasound (Fig.2.9), for quantitative in- 
formation the color Doppler technique is required. 
Power Doppler can also be used and is generally said 
to improve intrarenal vascular registration from either 
pole due to its angle independence. However, by repo- 
sitioning the patient and angulation of the probe, sim- 
ilar sensitivity is normally obtained with the color flow 
technique. 

A number of techniques are normally required in the 
one patient to successfully visualize the renal arteries 
from their origin at the aorta to the renal hilum. In thin 
patients both vessels can be visualized from an anterior 
midline approach at their origin at the abdominal aorta. 
Although the main vessels may be seen, it is important to 
appreciate that no ultrasonic study to date has reliably 
visualized accurately the accessory arteries we know 
exist. In addition, a number of other positions, includ- 
ing both oblique and decubitus positions, are normally 
required in an attempt to visualize both the right and left 
renal arteries. It is important to state, however, that 
Doppler examination of the entire length of the renal 
vessels is technically difficult and can result in failure to 
visualize both in as many as 40% of patients depending 
on patient build, habitus, bowel gas, etc. (Fig. 2.10).!° The 
normal peak systolic velocity (PSV) in the main renal 
artery is < 1.5-1.8ms"! whilst the normal renal-to-aortic 
ratio (RAR) of the PSV values is < 3.5. Anything greater 
than these values is in keeping with a > 60% stenosis of 
the main renal artery. The sensitivity and specificity 
using these techniques vary significantly between insti- 
tutions, making a consensus value difficult to quote. 

The intrarenal vessels are easier to demonstrate and 
interrogate and can be visualized in the vast majority of 
cases.°'” They are first identified with color Doppler 
ultrasound with spectral waveforms recorded from 
the upper, middle, and lower parts of the kidney. This 
allows averaging of these values and on a rare occasion 
even the detection of an accessory vessel. When eval- 
uating the vasculature for suspected renal artery steno- 
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Fig. 2.9 Transverse image of the retroperitoneum at renal 
level. The vascular anatomy has been labeled. (IVC: inferior 
vena Cava). 


sis (RAS), the intrarenal acceleration time (AT) and 
acceleration index (AI) are measured. An AT of < 0.07 
seconds and an AI > 3 ms? would be regarded as nor- 
mal (see Chapter 3, Parenchymal Diseases of the Kid- 
ney). 

The use of microbubble contrast agents has certainly 
improved the visualization of both the main and intra- 
renal vessels. However, to date this has not resulted in 
an improvement in the overall sensitivity or specificity 
of the technique.!® 

The classical normal renovascular waveform is a 
low-resistance waveform, i.e., the diastolic flow is ap- 
proximately one third to one half that of the PSV. This 
relationship is seen from the main renal artery to the 
interlobar and arcuate vessels (Fig. 2.11). In the adult, 
typical normal resistive index (RI) values vary between 
0.55 and 0.65. Variability in the RIs, however, are ap- 
preciated in the young and in general the RI also tends 
to increase with age.'? Therefore interpretation again 
should be cautions. As a working rule, in the majority of 
the adult population, an RI of 0.65-0.7 is considered as 
the upper limit of normal. Although an RI > 0.7 is re- 
garded as abnormal,’ in one study 70% of patients with 
parenchymal disease had an RI of < 0.7 and this bore no 
relationship to cortical echogenicity or serum creati- 
nine.” A recent article by Splendiani, however, demon- 
strated that RI may be of prognostic significance, as 
those patients with chronic nephropathy who had a 
normal RI on presentation had a good outcome with 
stable function at three years, whilst those whose RI 
was elevated had progressive renal failure.?” In acute 
renal failure (ARF) a progressive lowering of RI corre- 
lates well with recovery following diagnosis and med- 
ical treatment. 7? In essence, whilst 0.7 can be regarded 
as normal in the adult, its importance must be in con- 
junction with the gray-scale ultrasound and clinical 
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Fig. 2.11 Normal color flow ultrasound showing good de- 
piction of the intrarenal vasculature with flow to the pe- 
riphery of the cortex. An interlobar vessel has been sampled 
and the typical low-resistance spectral Doppler waveform of 
the kidney is clearly demonstrated 


Fig. 2.10 a An unusually clear longitudinal image of the ab- 
dominal aorta and the origins of both the right (arrow) and left 
(thick arrow) renal arteries. Imaging conditions must be opti- 
mal to acquire this type of image and normally this can only be 
obtained in thin patients. A number of imaging planes are 
normally required to visualize the origins of the renal vessels, 
including supine and multiple obliques. b Spectral Doppler 
waveform of the right kidney with a normal PSV of 1.20 ms`!. 
This was measured in the proximal right renal artery just 
posterior to the IVC with the patient in the supine position. 
c Spectral Doppler waveform of the left renal artery with a PSV 
of 1.00 ms"' This was measured in the proximal left renal 
artery with the patient in a high left oblique position. 
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findings, although clearly it can be of use in serial 
studies. 

Similarly, the renal veins can be visualized either 
anteriorly or from the flank approaches. The renal veins 
are generally larger than their arterial counterparts; 
blood within them is normally echo-free. 

Very often the clinical question is simply whether 
the vessel is patent or occluded and this can often be 
resolved with the use of color flow. 


Renal Collecting System 


The renal sinus contains a large amount of fat and hence 
is bright on ultrasound. The major renal vessels pass 
through it. Small components of the renal sinus can 
extend around the papilla and septa of Bertin or even 
run through the upper or lower pole, seen as a thin 
echogenic line, i.e. the parenchymal junctional defect. 
An excessive amount of fat in the renal sinus is known as 
sinus lipomatosis, which can be diagnosed on CT or 
inferred at IVU by stretching of the pelvicalyceal system. 
Conditions that predispose to fat deposition, such as 
patients on steroids, may contribute. Just as an excess 
of fat can increase the renal sinus echo, renal sinus fat 


Fig. 2.12 a Longitudinal scan of the left kidney showing “split- 
ting” of the renal sinus by the collecting system (arrows) in 
early hydronephrosis. b Transverse image of an extrarenal 


can also be reduced, for example in cachectic patients, 
and very occasionally in those with tumor infiltration or 
edema. 

Normally the collecting system cannot be distin- 
guished within the renal sinus. However, in those pa- 
tients who are undergoing a diuresis or have a full 
bladder, the renal pelvis and/or major calyces may be 
mildly prominent; with early hydronephroses this ap- 
pearance is known as “splitting” of the renal sinus 
echoes (Fig.2.12a). If suspected or indeed if there is a 
question of renal obstruction or a “full pelvis,” a repeat 
scan following bladder emptying will restore the nor- 
mal pelvic appearances in the latter. It is important to 
remember that not all hydronephrosis on ultrasound is 
obstructive and nonobstructive dilatation should also 
be considered. In an attempt to differentiate, an RI 
>0.70 has been used to try and identify obstruction, 
although as this value depends upon the phase of the 
obstruction cycle it remains controversial.”4 


Ultrasound Examination 


Right kidney 


pelvis. c Longitudinal image of a parapelvic cyst (arrow). 
d Transverse image of the parapelvic cyst (arrow) as in 
Fig. 2.12. There is no connection with the collecting system 


Prominence of the collecting system particularly on 
the right is common in pregnancy and indeed obvious 
dilatation can be seen in approximately two thirds of 
patients by 36 weeks.”° These changes normally resolve 
within the first few days following delivery, although 
minor distension may persist for a little time. Contri- 
buting factors to this dilatation is likely to include the 
mechanical impression of the enlarging uterus, hormo- 
nal factors, and increased blood flow. However, debate 
remains as to the exact cause. 

The renal pelvis, as mentioned previously, normally 
lies within the sinus. However, it may also lie partly or 
completely outside the kidney, i.e. the extrarenal pelvis 
(Fig. 2.12b). This should be distinguished from obstruc- 
tion, parapelvic cyst, or other pararenal collections, and 
in this situation the axial image is often helpful 
(Fig. 2.12¢,d), particularly if connection to the calyceal 
system is visualized. 
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Fig. 2.13 A small (7.2 cm) slightly echogenic kidney in a 30- 
year-old female patient with a history of childhood infection 
and urinary reflux. The collecting system is dilated and there is 
complete loss of cortex overlying one of the calyces (arrow). 
These appearances are typical of focal pyelonephritis secon- 
dary to reflux nephropathy. 


The renal sinus contains the renal vasculature, i.e. 
the renal artery and vein. The vascular properties are 
discussed above. 


Summary points: 
Doppler examination of the main renal artery is 
technically difficult and failure rates can approach up 
to 40% 
Intrarenal vessels can be sampled in almost all cases 


The normal renovascular waveform is a low resis- 
tance waveform 

The RI is normally < 0.7 

Physiological hydronephrosis is seen in those who 
are well-hydrated, have a full bladder, and in preg- 
nancy 


Normal Variants 
Fetal Lobulation 


As mentioned previously, a number of lobes in the fetus 
fuse and form the adult kidney.' Normally this fusion is 
undetectable on ultrasound. However, on occasion one 
or two may remain and, as a consequence, produce a 
bulge in the renal outline which on occasion can be 
difficult to distinguish from tumor or focal hypertrophy 
in response to an area of cortical scarring (Fig. 2.13). In 
such cases it is possible to see that the cortical inden- 
tation lies between the pyramids rather than overlying 
it; this implies it is most likely to represent persistent 
fetal lobulation. Splenic humps and other developmen- 
tal cortical bulges are due to focal areas of normal 
tissue, which lie adjacent to nearby organs. Although 
initially the appearances may suggest a mass, careful 
examination shows a normal cortex and thickness with 
maintenance of normal intrarenal architecture 
(Fig. 2.14). The normal color Doppler appearances have 
been said to be a helpful distinguishing feature be- 
tween a true mass and a local bulge. Sometimes a 
repeat scan is justified, particularly when appearances 
are marked; occasionally CT may be used to confirm the 
diagnosis, i.e. to exclude a tumor. 


Fig. 2.14 a Longitudinal and (b) transverse images of the left 
kidney showing a cortical bulge or “splenic hump” (arrow). This 
is a normal variant. When severe these can be confused with 
tumor, and either a CT scan or interval ultrasound scan is 
required to clarify 


Septa of Bertin 


This developmental variation is again related to fetal 
lobulation, as when these coalesce the deeper parts of 
the cortex become trapped and embedded into the 
renal sinus lying between the papilla. They do not 
usually distort the overlying anatomy.! It can on occa- 
sion be confused with tumor, although in general terms 
they are identical to the overlying cortex and cause no 
local distortion. In general, differentiation from tumors 
is often straightforward. Where doubt persists, CT scan- 
ning with intravenous contrast is normally helpful 
(Fig. 2.15). 


E Congenital Variants 


It is not possible to cover the entire gamut of congenital 
variants of the urogenital tract and as such only the 
commoner variants directly related to the structure of 
the kidney will be commented upon. Other variants, for 
example congenital megaureter and posterior valves, 
will be discussed in the appropriate chapters. 


Duplex Collecting System and Ureters (see Chapter 9, 
Diseases of the Collecting System and Ureters) 


Minor variants of the upper and lower moieties of the 
collecting systems will not be apparent on ultrasound. 
Moderate to marked degrees of variation are likely to 
show as two separate renal sinuses split by a band of 
normal renal cortex, i.e. a septa of Bertin. The point of 
junction of both complexes is very difficult to identify 
with ultrasound even when the ureters are dilated. In 
this situation examination of the bladder is important, 
as a ureterocele may be identified, which is often asso- 
ciated with the upper moiety, the lower moiety being 
more associated with reflux (Fig. 2.16).7° 


Ectopic Kidneys 


If the kidney is not in its normal anatomical position in 
the renal bed, then the possibility that it may be absent 
or ectopic (assuming there has been no previous sur- 
gery) should be considered. The presence of a contra- 
lateral enlarged kidney, which is otherwise normal in 
appearance, implies that the remaining kidney is either 
congenitally absent or nonfunctional, whereas a nor- 
mal-sized kidney may indicate that the remaining kid- 
ney lies at a site below the normal renal bed. A careful 
search from the renal bed inferiorly as far down as the 
pelvis is justified, 80% being found below the level of 
the iliac crest and on the ipsilateral side.?”” Generally the 
ectopic kidney is similar to that of a normal kidney. 
However, pelvic kidneys may have an unusual orienta- 
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Fig. 2.15 a Longitudinal and (b) transverse images of a prom- 
inent column of Bertin (arrows). The invaginated column of 
tissue is identical to the overlying cortex and there is no 
anatomical distortion 


Fig. 2.16 Longitudinal image of the left kidney with a band 
of tissue traversing it (arrow) and splitting the renal sinus. 
Appearances are likely to reflect a duplex collecting system. 
Kidneys with duplex systems in general tend to be slightly 
larger than those with conventional collecting systems 
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tion within the pelvis and may also show some pelvi- 
calyceal dilatation. It may be detected as part of a 
clinical examination and be falsely misinterpreted, 
which can on occasion lead to confusion, with misinter- 
pretation as a bowel-related colonic tumor, appendix 
mass/abscess,”®° or lymph node mass. This should be 
avoidable, however, as one renal bed will be empty 
and will probably be occupied by bowel. In addition, 
color Doppler may prove helpful in identifying the nor- 
mal renal vasculature within the mass. 

The ectopic kidney can, of course, cross the midline 
and lie under and attach inferiorly to the normally 
positioned kidney. This condition is known as cross- 
fused ectopia and produces a very long kidney, gener- 
ally speaking, with two separate sinus echoes (Fig. 2.17). 


Horseshoe Kidneys 


The incidence of horseshoe kidney based upon previous 
autopsy data and more recently a literature review of 12 
studies is approximately 1 in 600 births.?? Horseshoe 


Fig. 2.17 a Ultrasound scan 
through both the right and left 
renal areas, showing no visible 
renal tissue. b A scan through the 
left lower abdomen and midline 
just below umbilical level showed 
an enlarged kidney measuring 
15 cm in the lower left lumbar 
area (left side of image) which 
joins with a separate mass of re- 
nal tissue in the midline (right 
side of image). The appearances 
are those of crossed-fused ecto- 


pia 


kidneys are distinguished by a bridge of renal tissue 
connecting the lower poles of the kidneys. This can vary 
in thickness and, if of adequate thickness, can be visual- 
ized as a parenchymal band crossing the midline. Visu- 
alization of the “isthmus” depends upon many factors 
related to ultrasound, i.e. patient build, etc. It lies in 
front of the aorta and IVC and can be confused with a 
lymph node mass or retroperitoneal tumor. In general, 
however, the fact that this tissue may be renally related 
can be gleaned from the fact that the lower poles of the 
kidneys lie more medial than the upper, and that there 
is often a degree of mild rotation of the collecting 
system, which lie more anteriorly than in the normal 
situation (Fig. 2.18). 


Hypoplasia and Atrophy 


Often these two entities are difficult to differentiate, 
and indeed this differentiation is generally of little clin- 
ical consequence. Congenital hypoplasia is thought to 
occur secondary to some form of intrauterine insult, 


which has resulted in poor renal development. Atrophy 
again can be secondary to a number of renal insults. 
However, childhood reflux nephropathy is one of the 
commoner causes (Fig. 2.13). In cases where one kidney 
is clearly smaller and may be of reduced cortical thick- 
ness, overall function and contribution of each kidney 
with an isotope scan is often of help. 


Agenesis 


Agenesis is more common than ectopia and is more 
common on the left side and, as mentioned previously, 
in contrast to ectopia, the contralateral kidney gener- 
ally shows evidence of compensatory hypertrophy. The 
incidence is approximately 1 in 1500.7° Furthermore, 
bowel mainly occupies the empty renal bed; where 
ultrasound remains suggestive but nondiagnostic, an 
isotope scan or CT scan often clarifies the matter. The 
cause of agenesis is not fully appreciated, however. 
Some may be secondary to unilateral cystic dysplastic 
kidneys which have progressively atrophied over time. 
Clearly bilateral renal agenesis is detected in the devel- 
oping fetus usually as part of the investigation of oligo- 
hydramnios and is essentially incompatible with life. 


Summary points: 
Splenic humps and septa of Bertin are normal ap- 
pearances of renal tissue that can on occasion be 
confused with tumors 
In a duplex system the upper moiety is associated 
with a ureterocele, whilst the lower moiety is asso- 
ciated with ureteric reflux 


Ectopic kidneys can occasionally be confused with 
colonic or appendix masses 

The incidence of horseshoe kidney is 1 in 600 births 
and can occasionally be confused for retroperitoneal 
adenopathy 

The incidence of renal agenesis is 1 in 1500; it is 
more common on the left 
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Fig. 2.18 Transverse section through the lower abdomen 
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3 Parenchymal Diseases of the Kidney 


P. L. Allan 


E introduction 


There are a wide variety of conditions which can dif- 
fusely affect the renal parenchyma and produce varying 
degrees of renal impairment. In patients with acute 
renal failure (ARF), the primary role of ultrasound is 
to exclude obstruction as a cause of the failure, which 
will be the case in about 5-10% of cases.! For the re- 
mainder, the diagnosis will depend upon a combination 
of the clinical situation, biochemical findings, and, in a 
proportion of patients, renal biopsy. Many of these dis- 
orders do not produce specific changes in the appear- 
ances of the kidneys on ultrasound, but analyzing any 
changes that are seen, in the light of the clinical situa- 
tion, may allow a differential diagnosis to be made. 

Some disorders affect mainly the cortex, others af- 
fect primarily the medulla, and some may affect the 
parenchyma as a whole. During the ultrasound exami- 
nation, attention should be given to each of the com- 
ponents of the kidney. 

Renal size and overall appearance: In some acute 
disorders, swelling and edema of the kidney may be 
seen, although in most cases the size of the kidneys is 
within normal limits. In chronic renal disease the kid- 
neys tend to contract in size, but this is variable and 
there is little or no correlation with either renal func- 
tion, or the cause of renal disease.? These small, rela- 
tively echogenic kidneys may be difficult to distinguish 
within the retroperitoneal fat and may only be identi- 
fied through their movement on respiration (Fig. 3.1). In 
some patients with end-stage renal disease (ESRD), 
changes of acquired cystic disease of the kidney may 
be seen and parenchymal calcification can be seen with 
some disorders. 

Cortex: The appearances of the cortex may be within 
normal limits, or show an abnormal increase or de- 
crease in echogenicity: Normal renal echogenicity is 
less than that of the adjacent liver or spleen (assuming 
that these are normal). In some acute conditions edema 
and swelling of the cortex are seen. Cortical scarring 
may be seen (Fig. 3.2); this is distinguished from fetal 
lobulation as it is usually opposite a calyx or pyramid, 
whereas the cortical “defects” in fetal lobulation lie 
between pyramids. Cortical calcification can occur but 
it is less common than medullary, or collecting system 
calcification. 


Map 3 
170dB/C 2 
Persist Off 
2D Opt:FSCT 
Fr Rate:Surv 
SonocT™ 


?LT KID 


Fig. 3.1 a A kidney measuring 6.8 cm in length in a patient 
with chronic renal disease. b A smaller kidney that is more 
difficult to identify in another patient (arrows); it is easier to 
appreciate in real-time as it moves with respiration 


Medulla/pyramids: The appearances of the pyramids 
can vary, depending upon a number of factors relating 
to the medullary tissues, or to the adjacent cortex. 
Normal pyramids are of lower echogenicity than the 
adjacent cortical tissue and are evenly spaced around 
the margins of the renal sinus. In acute cortical disor- 
ders the pyramids may be more visible due to greater 
contrast between them and the increased cortical echo- 
genicity. In other cases there may be a decrease in 
corticomedullary differentiation. In patients with a pri- 
mary abnormality of the medulla, the pyramids may be 
enlarged and hypoechoic, as sometimes seen in acute 
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Fig. 3.2 a A small scar at the upper pole of the right kidney (arrow). b More marked scarring at the lower pole of another right 


kidney (arrow) 


Fig. 3.3 A diffusely echogenic kidney with loss of corticome- 
dullary differentiation in a patient with acute glomeruloneph- 
ritis 


tubular necrosis (ATN), or show increased echogenicity, 
as in cases of nephrocalcinosis. 

Renal sinus: The region of the renal sinus appears as 
an area of increased echogenicity in the central part of 
the kidney because of the fat that it contains surround- 
ing the major vessels. It is not usually involved in dif- 
fuse parenchymal disease but may be reduced in size 
with severe parenchymal edema, or show a relative 
increase in size with parenchymal atrophy. The compo- 


nents of the collecting system are more prominent in 
cases of ureteric obstruction and calyceal prominence 
can be noted in cases of papillary necrosis. 

Renal vessels: Color and spectral Doppler provide 
information on local conditions in the vessels at the 
point of interrogation, as well as indirect evidence on 
the peripheral circulation in the kidney from changes to 
the spectral waveform. 


Cortical Disorders 
Glomerulonephritis 


There are several inflammatory and noninflammatory 
pathologies which can affect the glomerulus and in- 
terfere with its function; many have an autoimmune 
component. Clinically, they result in hematuria and 
proteinuria and a variable degree of renal impair- 
ment. 

There are no specific features on ultrasound and the 
kidneys will appear normal in many cases. In some 
cases there is a variable increase in the cortical echo- 
genicity (Fig.3.3). This is nonspecific and there is no 
relationship with the pathological type, degree of renal 
impairment, or prognosis; there is some correlation 
between cortical echogenicity and the degree of inflam- 
matory infiltrate or fibrosis found on histology but this 
is of little clinical value.? In acute cases the kidneys may 
show some enlargement and decreased corticomedul- 
lary differentiation with a tendency to shrink if chronic 
disease develops. 


E Acute Cortical Necrosis 


This is a rare cause of ARF in the West but is more 
common in India and Eastern Asia. Classically it is 
associated with abruptio placentae, or postpartum 
hemorrhage but it can also occur with shock, sepsis, 
snake bites, and exposure to toxins. There is microvas- 
cular thrombosis, and a diffuse intravascular coagulo- 
pathy develops resulting in cortical ischemia, except for 
a thin subcapsular rim of tissue supplied by capsular 
vessels. There is loss of the normal corticomedullary 
differentiation and ill-defined patchy areas of increased 
echogenicity within the parenchyma; the peripheral, 
perfused rim of parenchyma may be distinguished as 
an hypoechoic, subcapsular zone (Fig.3.4).? Calcium 
may be deposited at the junction of the ischemic and 
peripheral zones; this may develop within a few days 
from the onset of renal failure. 


a Acute Interstitial Nephritis 


Acute interstitial nephritis usually results from an im- 
munologically-induced hypersensitivity reaction to a 
drug or infective antigen.® Rarely, it is associated with 
sarcoid, systemic lupus erythematosus, or malignancy. 
Histologically, there are diffuse inflammatory infiltrates 
in the interstitial tissues of the kidney. Clinically, it can 
imitate ATN, as there is usually a degree of tubular 
dysfunction. On ultrasound, the kidneys may be normal 
or enlarged, depending on the severity of the condition; 
the echogenicity of the cortex may be normal or in- 
creased and the finding of a markedly echogenic paren- 
chyma in a patient with ARF (Fig.3.5) should raise the 
possibility of acute interstitial nephritis.” 


E Cortical Nephrocalcinosis 


Cortical nephrocalcinosis is rare compared with medul- 
lary nephrocalcinosis. Focal calcifications can occur fol- 
lowing trauma, infarction, or infection; they may also 
be associated with tumors. Diffuse cortical calcification 
may be seen following acute cortical necrosis, renal 
transplant rejection, Alport syndrome, and rarely with 
chronic glomerulonephritis. Following acute cortical 
necrosis the calcification is characteristically seen at 
the junction between the viable and necrotic regions; 
this can be seen as early as six to seven days after the 
onset of the disorder.” 


Disorders of the Medulla/Pyramids 


Fig. 3.4 A kidney with acute cortical necrosis showing gener- 
ally increased echogenicity but with a thin rim of perfused 
parenchyma (arrow) 


Fig.3.5 A diffusely enlarged, echogenic kidney in a patient 
with acute interstitial nephritis. However, the appearances 
are nonspecific and are similar to those seen in several other 
acute disorders of the renal parenchyma 


EE Disorders of the Medulla/Pyramids 
E] Acute Tubular Necrosis 


Acute tubular necrosis (ATN) is one of the most com- 
mon causes for ARF in hospital patients.*? The injury is 
usually due to a combination of cellular ischemia and 
direct tubular epithelial cell injury induced by nephro- 
toxins. The tubules are more vulnerable to ischemia 
because of their relatively high metabolic rate and the 
relatively poor blood supply with low oxygenation 
when compared with the more luxuriant flow to the 
cortex and glomeruli. In addition, sloughing of cells and 
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Fig. 3.6 Echogenic foci in the region of the medullary pyramids 
(arrow) in a patient with medullary sponge kidneys. A little 
patchy shadowing is visible but this is not a strong feature 


debris into the tubular lumen leads to obstruction by 
proteinaceous casts. There are several factors which 
may contribute to the development of this disorder, 
including ischemia and hypotension, drugs and toxins, 
sepsis and myoglobinuria/hemoglobinuria. In any indi- 
vidual case, more than one factor is often involved. 

The kidneys often appear normal in these patients, 
and the main role of ultrasound is to exclude obstruc- 
tion as a cause of the renal failure. Changes which may 
be identified on ultrasound include diffuse swelling of 
the kidneys, increased prominence of the medullary 
pyramids due to edema, or some increase in cortical 
echogenicity with preservation of corticomedullary dif- 
ferentiation. Doppler ultrasound shows an increase in 
the resistive index (RI) in the intrarenal vessels,'° with 
those patients who suffer persistent renal dysfunction 
tending to have higher values than those who recover 
adequate function."! 


E Renal Papillary Necrosis 


Renal papillary necrosis is part of a spectrum of chronic 
tubulointerstitial nephritic disorders in which there is 
progressive scarring and fibrosis of tubulointerstitial 
structures. This is the final common pathway to ESRD 
for many disorders, including analgesic nephropathy, 
diabetes, vesicoureteric reflux (VUR), sickle cell disease, 
sarcoid, chronic transplant rejection, and heavy-metal 
poisoning. Over 50% of cases in the United Kingdom are 
associated with diabetes. In renal papillary necrosis, 
ultrasound will not show any changes until the disease 
is advanced and the papillae have sloughed away pro- 
ducing small round, or triangular cystic areas at the site 
of the missing papilla. Calcification of affected papillae 
can occur, particularly in cases of analgesic nephrop- 
athy, resulting in echogenic foci in the region of the 


papillae, described as a “garland pattern” around the 
renal sinus.!? Sloughed papillae may result in ureteric 
obstruction and dilatation of the pelvicalyceal sys- 
tem." 


m Medullary Sponge Kidney 


The cause of medullary sponge kidney is uncertain, but 
it is thought that it may be a minor developmental 
anomaly, and links with other disorders such as Caroli 
disease, Marfan syndrome, and Ehlers-Danlos syn- 
drome have been reported." In medullary sponge kid- 
ney there are ectatic and cystic changes affecting the 
medullary collecting ducts; small calculi can form 
within these dilated segments. Ultrasound may show 
small, calcific foci in the region of the pyramids but it 
may just show increased echogenicity of the pyramids 
if the calculi are too small to show up as distinct entities 
(Fig. 3.6). 


m] Nephrocalcinosis 


There is a wide range of disorders which result in 
medullary nephrocalcinosis. Raised serum calcium, 
phosphate, or an alkaline urine can result in nephro- 
calcinosis. The commonest causes are primary hyper- 
parathyroidism and renal tubular acidosis, although 
any disorder leading to hypercalcemia may be impli- 
cated and a list of these is given in Table 3.1.'° Fruse- 
mide therapy is recognized as a cause of nephrocalci- 
nosis in infants and recent reports suggest that neph- 
rocalcinosis may also be seen in adults who are abusing 
frusemide to lose weight or reduce edema.” The calci- 
fication is predominantly medullary in location but 
may rarely be seen within the cortex. Ultrasound has 
been shown to be reliable in the detection and grading 
of nephrocalcinosis in children.'® The calcified areas 
appear on ultrasound as regions of increased echo- 
genicity in the medulla. Initially the calcium deposits 
may appear as rings around the periphery of the me- 
dullary pyramids;!° with more marked deposition of 
calcium, the whole pyramid is involved (Fig. 3.7). 
Acoustic shadows may be absent if the calcium depo- 
sitions are individually small in diameter in relation to 
beam width; with more marked degrees of calcifica- 
tion, acoustic shadowing can be variable in prominence. 

Hyperechogenic medullae are not always the result 
of nephrocalcinosis and may be seen in patients with 
gout (where urate deposits and the associated intersti- 
tial nephritis are responsible) and in primary hyper- 
aldosteronism in which chronic hypokalemia results 
in changes within the tubules and adjacent interstitial 
tissues. 


Table 3.1 Causes of nephrocalcinosis'® 


Medullary 
Renal tubular acidosis 


Oxalosis* 
Papillary necrosis 


Medullary sponge 
kidney 


Frusemide abuse 
Bartter Syndrome 


Hypercalcemia Primary hyperpara- 


Hypercalcemia of 


Renal Infections 


Summary points: 

e In patients with ARF, obstruction will be responsible 
in 5-10% 

e Ultrasonic features of glomerulonephritis are vari- 


able and are often normal 

e RI maybe of prognostic significance in patients with 
ATN 

e Renal papillary necrosis is associated with diabetes in 
approximately 50% of cases in the UK 


thyroidism malignancy 

Sarcoid Cushing disease 

Vitamin D excess Milk- alkali syn- 
drome 


Cortical Renal Infections 


Renal cortical 


necrosis A spectrum of infective disorders can affect the kidneys. 


The commonest form is acute bacterial pyelonephritis, 
but infection can be associated with obstruction, calculi, 
reflux, diabetes, immunosuppression, catheters, or 
hematogenous spread. The infection can affect primar- 
ily the parenchyma, or the collecting system, or both. 


Chronic glomerulo- 
nephritis 

Transplant rejection 
Tuberculosis 


Oxalosis* 


* Oxalosis typically causes both cortical and medullary nephrocalci- 
nosis 
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Fig. 3.7 a Early nephrocalcinosis identified as echogenic pyra- 
mids (arrow). b More marked changes showing as rings and 
echogenic pyramids (arrow). c Marked nephrocalcinosis in a 
patient with end-stage renal disease (ESRD) 
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Fig. 3.8 a Focal lobar nephronia at the upper pole of a kidney 
(arrows). b Six weeks later this area has returned to normal 


| Pyelonephritis 


Acute bacterial pyelonephritis is the most common 
renal infective disorder, occurring more commonly in 
females. These infections usually respond to antibiotics, 
have no lasting sequelae, and patients do not usually 
attend for ultrasound examinations. Ultrasound is per- 
formed in patients who do not respond to therapy, have 
a severe infection, or who are considered to have a 
possible structural or functional abnormality which 
may predispose to infection. Even in severe infections, 
the kidneys may look normal on ultrasound.° Diffuse 
or focal swelling of the kidney may be seen; evidence of 
a predisposing factor, including calculi and/or obstruc- 
tion, may be discovered. The parenchymal echo pattern 
may be patchy in appearance due to focal areas of 
edema and inflammatory infiltration, or even focal 
hemorrhagic necrosis.?! 


In some patients focal areas of reduced echogenicity 
may be identified, corresponding to marked focal in- 
flammatory change; these may resolve with appropri- 
ate antibiotic therapy, or may go on to frank abscess 
formation. These focal inflammatory areas are some- 
times called focal lobar nephronia, or acute focal pye- 
lonephritis. The appearances on ultrasound are vari- 
able; the affected kidney may be generally enlarged 
and focal areas of increased, reduced, or mixed echoes 
may be seen within it (Fig.3.8). Focal areas of low 
echogenicity characteristically have no evidence of 
acoustic enhancement distally; some mass effect can 
also be apparent.?”:23 


al Renal Abscess 


Occasionally, renal parenchymal infections will prog- 
ress to abscess formation; other abscesses may result 
from hematogenous spread of infection, particularly 
with Staphylococcus aureus.’ Diabetes, renal calculi, 
and ureteric obstruction are also predisposing factors 
for the development of renal abscesses. Abscesses 
may be single or multiple, and appear on ultrasound 
as hypoechoic areas within which low level echoes 
from debris and pus may be apparent; distal acoustic 
enhancement is a feature because of the liquid nature of 
the contents. Infection can spread into the collecting 
system, resulting in a pyonephrosis, or into the perire- 
nal space to produce a perirenal abscess. Distinction 
between an abscess and an infected renal cyst may be 
difficult, although the smoother walls of a cyst may be 
apparent around the debris-laden collection.”° 


A Emphysematous Pyelonephritis 


Emphysematous pyelonephritis is a necrotizing renal 
infection characterized by gas production within the 
renal parenchyma, or perirenal tissues.?° E. coli is the 
cause of the infection in 60-70% of cases and some 90% 
of cases of emphysematous pyelonephritis occur in di- 
abetics, usually associated with obstruction.7°?’ Bright 
foci of gas may be seen in the parenchyma, perirenal 
tissues, or within the collecting system. Percutaneous 
drainage has shown promising results; this can be done 
using ultrasound for guidance, but computed tomogra- 
phy (CT) may be required if the gas obscures the anat- 
omy of the renal area.78 


a Xanthogranulomatous Pyelonephritis 


This is a rare chronic inflammatory condition which is 
associated with chronic obstruction and may affect part 
of the kidney, or the entire organ. Proteus mirabilis is 
the most common causative agent. The chronic inflam- 
matory process is characterized by the replacement of 
the renal parenchyma with a diffuse or segmental cel- 
lular infiltrate of lipid-laden macrophages/foam cells 
(xanthoma cells); this results in the destruction of nor- 
mal renal tissue, with cavitation, fibrosis, and a chronic 
granuloma. On ultrasound, a mass is seen in the renal 
bed but normal renal architecture is not apparent; 
hydronephrosis may be identified (Fig. 3.9).2? Hetero- 
genous areas of increased and decreased echoes are 
visible and calculi may be seen within the mass, 
although these can be difficult to see clearly due to 
the surrounding inflammatory, fibrotic tissue. Peri- 
nephric fluid collections may be seen in a small number 
of patients. Diagnosis can be difficult on ultrasound 
unless the possibility of xanthogranulomatous pyelo- 
nephritis is considered. Focal xanthogranulomatous 
changes in a kidney are usually well-circumscribed 
and can be difficult to differentiate from a tumor.???! 


E Tuberculosis 


Tuberculosis of the renal tract is usually the result of 
hematogenous spread of pulmonary tuberculosis and 
can affect the parenchyma, as well as the collecting 
system and ureters. In parenchymal disease, the bacilli 
favor the high cortical blood flow, oxygen saturation, 
and increased blood viscosity found in the efferent 
arterioles. If they proliferate, the infection then rup- 
tures into the proximal tubule and the bacilli congre- 
gate in the apex of the Loop of Henle in the medulla, 
forming medullary granulomas and abscesses which 
can rupture into the collecting system, leading to ure- 
teric strictures and bladder fibrosis. 

The early stages are not apparent on ultrasound, but 
parenchymal abscesses, cavities, foci of calcification, 
and dilated calyces become visible as the disease pro- 
gresses. Increasing destruction of the renal architecture 
is seen as the infection spreads through the kidney;??33 
segmental or generalized dilatation of the collecting 
system can be seen as a result of strictures and fibrosis. 
Ultrasound-guided fine needle aspiration is reported to 
be of value in confirming the diagnosis of renal tuber- 
culosis in patients with consistently negative urine cul- 
tures for acid-fast bacilli.24 Eventually the kidney be- 
comes shrunken and fibrotic. Extensive calcification 
may be present; this appearance is sometimes referred 
to as an autonephrectomy (Fig. 3.10). 


Renal Infections 


Fig. 3.9 a Xanthogranulomatous pyelonephritis of a kidney 
showing a dilated collecting system surrounded by paren- 
chyma replaced by chronic inflammatory tissue. b Another 
case showing complete replacement of renal parenchyma by 
an abnormal structure; a calculus is present within this mass 
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Fig. 3.10 Autonephrectomy. A densely calcified kidney result- 
ing from tuberculous infection 
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Fig. 3.11 Non-Hodgkin lymphoma affecting the kidney in a 
patient with AIDS 


EJ Acquired Immune Deficiency Syndrome 


Patients with human immunodeficiency virus (HIV) in- 
fection who develop acquired immune deficiency syn- 
drome (AIDS) will be more likely to suffer episodes of 
bacterial and fungal renal infections. They are also at 
increased risk of developing non-Hodgkin lymphoma, 
which has a predilection for extranodal sites such as the 
kidney (Fig. 3.11), and Kaposi sarcoma, although this has 
a tendency to affect the lower renal tract rather than 
the kidney. Amyloid may also be found in these pa- 
tients. 

Patients with AIDS can also develop an HIV-associ- 
ated nephropathy (HIVAN). Biopsy shows focal segmen- 
tal glomerulosclerosis and focal glomerulonephritis.?° 
Tubular abnormalities have also been reported. Clini- 
cally, patients have proteinuria and may go on to de- 
velop uremia and renal failure. 

On ultrasound, kidneys may be of normal size and 
appearance, or enlarged; a globular appearance was 
reported in half of the kidneys examined in one series*° 
together with abnormal parenchymal echogenicity in 
up to 89% of the kidneys, decreased corticomedullary 
definition, and a reduction in renal sinus fat. Focal 
medullary and cortical calcification may be seen in 
patients with atypical tuberculous or fungal infec- 
tions.?” There have been reports of patients with AIDS 
developing hemolytic uremic syndrome and associated 
acute cortical necrosis, although this appears to be a 
rare complication.*® 


a Other Infections 
Fungal infections are usually seen in diabetic, cachectic, 


or immunosupressed patients. Candida infection is the 
most common, but Aspergillus and Cryptococcus are 


sometimes responsible. The infection can develop in 
the parenchyma with areas of destruction. Infection of 
the collecting system can result in the development of 
fungal masses within the collecting system. 

Hydatid disease of the kidneys is rare. The findings 
are similar to those found elsewhere with a cystic lesion 
which contains daughter cysts, or “hydatid sand”; wall 
calcification may be seen.?9 

Schistosomiasis affects the bladder and ureters, pro- 
ducing strictures that, in turn, result in obstruction 
reflux, infection, and stone formation. These lead to 
scarring of the renal parenchyma from chronic tubu- 
lointerstitial nephritis;*° amyloid may also be a feature 
of schistosomiasis and affect the renal parenchyma. 


Summary points: 

e The kidney is generally ultrasonically normal in pa- 
tients with infection 

e Xanthogranulomatous pyelonephritis may be diffi- 


cult to differentiate from a renal tumor 

e Tuberculosis of the renal tract is usually secondary to 
hematogenous spread from the lung 

e Patients with AIDS can develop an HIVAN 


© Vascular Disorders 
= Renal Artery Stenosis 


The two main causes of renal artery stenosis (RAS) are 
atheroma, which accounts for 90% of cases of RAS, and 
fibromuscular hyperplasia, which accounts for rather 
less than 10% of cases.*! Aortic aneurysms, arteritis, 
and trauma can also result in narrowing of the main 
renal arteries, or their major branches. RAS may have a 
role in the development of hypertension in up to 5% of 
patients with hypertension, and recognition of this con- 
tributing factor is important, as renal artery angioplasty 
can result in cure of the hypertension, or a significant 
reduction in the problems associated with blood-pres- 
sure control in these cases. Ischemic nephropathy re- 
sults from impairment of the renal blood flow sufficient 
to produce ischemia and excretory dysfunction.1!4? 
There are two components in the ultrasound assess- 
ment of RAS: Firstly, examination of the main renal 
arteries and their origins from the aorta; and secondly, 
assessment of the waveform characteristics of the in- 
trarenal segmental and interlobar arteries.*? Color 
Doppler has made it easier to identify the main renal 
arteries as they leave the aorta, usually just below the 
level of the superior mesenteric artery (Fig. 3.12). Scan- 
ning obliquely from the left side for the proximal right 
renal artery and the right side for the left artery may be 


helpful.44 Other useful landmarks include the left renal 
vein as it runs toward the aorta, as the left renal artery 
is usually in proximity to the vein, and the inferior vena 
cava (IVC) for the right renal artery as the artery can be 
identified as it passes behind the cava. If the renal 
arteries cannot be identified from an anterior approach, 
scanning from the flank and posterolateral aspect may 
be of value; the liver can be used as a window on the 
right side (Fig. 3.13). Identification of both renal arteries 
can take considerable time and may not be achieved in 
every case, with the left renal artery being the more 
difficult to locate. Experienced operators in specialized 
departments report 75-80% success rate for obtaining 
technically adequate examinations.*° In addition, ac- 
cessory renal arteries, which occur in up to 40% of 
individuals in postmortem studies,“ cannot be de- 
tected reliably. 

Examination of the intrarenal vessels is more 
straightforward as these are located easily with color 
or power Doppler and a spectral display of the wave- 
form can then be obtained.*”*° It is best to position the 
sample volume initially with the patient breathing gen- 
tly. The sample volume should be placed over distal 
segmental or interlobar arteries, as the RI tends to be 
a little higher in the larger vessels at the hilum.** Final 
positioning and acquisition of the waveform is then 
carried out during a short period of suspended respira- 
tion. 

A variety of Doppler findings have been associated 
with a significant stenosis of the main renal arteries. 
These are shown in Table 3.2. A peak systolic velocity 
(PSV) > 180 cms"! and a renal artery/aorta PSV ratio of 
>3.5 are the most useful parameters for significant 
stenosis (> 60% diameter reduction) of the main renal 
arteries, providing an accurate angle correction can be 
made.*? If visualization of the proximal main renal 
arteries is impossible, then an indirect assessment can 
be made from the waveform in the intrarenal arteries, 
where an acceleration time (AT) of > 0.07 s% °° and a 
tardus parvus (slow and small) waveform*” have also 
been shown to correlate with a significant stenosis of 
more than 70% diameter reduction (Fig. 3.14). It must be 
remembered that Doppler ultrasound is less accurate 
for lesser degrees of stenosis, so it is not reliable or 
useful as a screening technique for the condition. How- 
ever, a positive result in selected patients indicates that 
further imaging techniques, such as magnetic reso- 
nance (MR) arteriography should be considered. 

In distinction to renal arterial disease producing hy- 
pertension, idiopathic hypertension produces changes 
in the renal vessels, which over time result in hyper- 
tensive nephropathy. In patients with chronic changes it 
can be difficult to assess the significance of any associ- 
ated stenosis and the potential value of angioplasty in 
improving renal function and blood-pressure control. 


Vascular Disorders 


Fig. 3.12 A transverse scan of the aorta and IVC, showing the 
origins of the main left and right renal arteries (RRA: right renal 
artery, LRA: left renal artery) 


Fig. 3.13 aA coronal scan through the liver showing the upper 
aorta and the origins of the renal arteries (arrows). b A color 
Doppler scan in the same plane 
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Table 3.2 Indices for renal artery stenosis 


Velocity in proximal renal artery > 180 cm"! 
Renal artery/aorta velocity ratio (RAR) > 3.5 
Acceleration time (AT) > 0.07s 
Acceleration index (Al) < 3.78 ms 
Resistive index (RI) <0.5 


ol 76% Map5 


“180.00ms 
8.08cm/s 
44,89cm/s* 


Fig. 3.14 A color and spectral Doppler examination of the left 
kidney showing a tardus parvus waveform and a slow accel- 
eration time of 0.18 s 


An RI > 0.8 in the segmental renal arteries of a kidney 
with RAS correlates well with a poor response to angio- 
plasty or surgery.°! 


E Renal Artery Occlusion 


This can result from a variety of causes, including acute 
hemorrhage into an atheromatous plaque, trauma, dis- 
section of the aorta, and emboli. Chronic, unilateral 
occlusion may be asymptomatic, whereas an acute oc- 
clusion produces loin pain and hematuria. With com- 
plete sudden occlusion of the main renal artery, the 
kidney may appear normal, or slightly enlarged. Color 
Doppler will confirm the lack of arterial flow within the 
kidney. With time, the kidney atrophies. Occlusion of a 
segmental artery will produce segmental infarction; 
this can produce focal swelling of the affected seg- 
ment,”? but this may be minimal or absent and may 
not be recognized unless the kidney is examined care- 
fully with color or power Doppler. 


[J Other Arterial Abnormalities 
Intrarenal arteriovenous fistulae (AVF) and aneurysms 


are usually the result of renal biopsy, or other renal 
trauma. In one series, careful examination of trans- 


planted kidneys following biopsy showed a new AVF 
in 16.7% of patients.°? Fortunately the vast majority of 
these closed off spontaneously: 50% within 48 hours 
and 75% within four weeks, with three AVF persisting 
for more than one year. None of the AVF required 
intervention. AVF characteristically show a focal tissue 
bruit on color Doppler at the site of the fistulous com- 
munication. Examination of the segmental artery sup- 
plying this area shows increased diastolic flow as a 
result of the decreased vascular resistance. The seg- 
mental vein draining the fistula shows increased veloc- 
ity of flow and may show a varying degree of arterial- 
ization of flow with systolic variation. In the same 
series,” four pseudoaneurysms were detected in kid- 
neys following biopsy; all closed spontaneously. Intra- 
renal aneurysms may be mistaken for cysts, unless 
color Doppler is applied. True aneurysms of the renal 
artery may occasionally develop as a result of vascular 
degeneration and atherosclerosis and, again, color 
Doppler will distinguish them from parapelvic cysts 
or other collections (Fig. 3.15).*4 


Ei Renal Vein Thrombosis 


In adults, this is associated with the nephrotic syn- 
drome (usually the result of membranous glomerulo- 
nephritis), hypercoagulability disorders, or tumor inva- 
sion. Dehydration is more commonly associated with 
renal vein thrombosis in infants but it may occasionally 
be seen in adults, particularly in hot climates. Bilateral 
main renal vein thrombosis is very rare in adults and 
many patients will have segmental, or subsegmental 
venous thromboses, which cannot usually be identified 
on ultrasound, although they may cause a detectable 
decrease in diastolic flow, which can be identified 
through an abnormally high RI. 

Renal vein thrombosis is seen more frequently in 
neonates; predisposing factors include dehydration, 
sepsis, polycythemia, umbilical vein catheters, birth 
asphyxia, and maternal diabetes.°* Thrombosis com- 
mences in smaller segmental veins then propagates 
toward the main renal vein and IVC. In the acute phase, 
the thrombosed intrarenal veins appear as highly echo- 
genic streaks. 

When renal veins were ligated in a group of dogs, the 
affected kidney or renal segment became swollen with 
predominantly reduced parenchymal echogenicity and 
heterogeneity, together with loss of corticomedullary 
differentiation in the acute phase.” After two to three 
weeks the affected kidney, or segment, starts to con- 
tract and echogenicity increases as scarring and fibrosis 
develop. 

In cases of main renal vein thrombosis, color Doppler 
will show an absence of flow in the vein, which may 


appear a little enlarged in the acute phase; less severe, 
intrarenal venous thrombosis cannot be visualized di- 
rectly. Arterial flow is affected in a variable manner, 
depending upon the extent of the thrombosis and its 
speed of development: In acute main vein thrombosis 
there is a marked increase in intrarenal vascular resis- 
tance which can result in absent or reversed diastolic 
flow in the equivalent artery. Less extensive venous 
thrombosis results in decreased diastolic flow and an 
increase in the RI in the artery to a variable extent and 
care should be taken if indirect Doppler evidence is 
being used to confirm or exclude significant renal 
vein thrombosis.*° 

Renal vein occlusion can also be seen in patients 
with renal tumors, typically a renal cell carcinoma, 
which can extend into the IVC from the renal vein 
(Fig. 3.16). 


Summary points: 

e Accessory renal arteries cannot reliably be detected 
with ultrasound 

e ARI >0.8 correlates closely with a poor outcome 


from angioplasty or surgery for RAS 

e In renal vein thrombosis, reduced or reverse diastolic 
flow may be seen in the accompanying renal artery 
depending upon the speed of onset and degree of 
occlusion 


Miscellaneous Disorders 
Diabetes 


Diabetes is the commonest cause of ESRD in the United 
States and Europe. The kidneys are mainly affected by 
vascular disease and hypertension, but recurrent infec- 
tions and neuropathic bladder changes can contribute 
to renal impairment. In the initial stages of renal in- 
volvement there is an increase in glomerular filtration 
rate (GFR) and a concomitant small increase in renal 
size, but as the disease progresses the kidneys generally 
become smaller.>”°® Patients with established diabetic 
nephropathy show an increase in RI on Doppler studies 
when compared with individuals with normal or only 
mildly impaired renal function.°®°? Renal papillary ne- 
crosis may occur in diabetics (see above) and they are 
also more prone to bacterial and fungal infections. Xan- 
thogranulomatous pyelonephritis and emphysematous 
pyelonephritis (see above) are more common in dia- 
betics. 


Miscellaneous Disorders 


Fig. 3.15 aA transverse scan of the right kidney shows a cystic 
area adjacent to the kidney (arrows). b Color Doppler shows 
this to be an aneurysm of the distal renal artery 


Fig. 3.16 Sagittal view of the upper IVC behind the liver, show- 
ing a soft tissue mass within it (arrow) as a result of tumor 
extending from the renal vein in a patient with renal cell 
carcinoma 
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Fig. 3.17 Wegener granulomatosis affecting the right kidney. 
The increased echogenicity and reduction in size are, however, 
nonspecific 


E Amyloid 


In amyloid, insoluble, fibrillar proteinaceous material is 
deposited in the kidney. Initially this is found in the 
glomeruli, but later, in more severe cases, it can be 
found elsewhere within the parenchyma. Several types 
of amyloid disease can be identified depending on the 
exact nature of the protein material and its distribution. 
The kidneys are often involved in systemic forms of 
amyloid, with 90% of primary amyloid patients show- 
ing proteinuria and 50% having a raised urea at the time 
of presentation; these findings also occur in myeloma- 
related and secondary forms of the disorder. About half 
of patients with secondary amyloidosis and a lower 
proportion with the primary form will die of renal fail- 
ure.©° 

In the acute or early stages the kidneys may be 
enlarged and edematous, but if the disease progresses 
they slowly shrink in size and show increasing paren- 
chymal echogenicity with preservation of corticomed- 
ullary differentiation.°! In these chronically diseased 
kidneys there are no specific features to suggest amy- 
loid, although the presence of an amyloid-related con- 
dition, such as rheumatoid arthritis, may suggest the 
diagnosis. 


a Connective Tissue Disorders and Vasculitides 
Connective tissue disorders can affect the kidneys in a 


variety of ways. Systemic lupus erythematosus (SLE) 
affects primarily the glomeruli and tubulointerstitial 


disease; giant cell arteritis affects the aorta and main 
renal arteries, whereas polyarteritis nodosa (PAN) tends 
to affect the medium-sized interlobar arteries and We- 
gener granulomatosis (Fig.3.17) or Henoch-Schonlein 
purpura affect the smaller arcuate or more peripheral 
vessels. In addition, amyloid (see above) may be asso- 
ciated with connective tissue disorders, or therapy for 
the disease may affect the kidneys. The appearances of 
the kidneys on ultrasound are nonspecific and do not 
allow distinction from other forms of progressive renal 
disease, renal biopsy being required for accurate diag- 
nosis. As vasculitis affects the intrarenal vessels, there is 
a tendency for the RI to be elevated in connective tissue 
disorders; in SLE an increase in the RI is reported to 
correlate with the creatinine level and the presence of 
interstitial disease on biopsy.” 


aa Sickle Cell Disease 


Papillary necrosis can occur in patients with sickle cell 
disease as a result of damage that occurs during epi- 
sodes of sickling and hemolysis. In addition, there have 
been reports of increased medullary echogenicity or 
more diffuse involvement of the parenchyma.® The 
reason for this is not yet clear, but it has been suggested 
that the diffuse parenchymal changes may reflect glo- 
merular and interstitial fibrosis, whereas the medullary 
changes may be due to microcalcification, or even de- 
posits of iron. As the intrarenal vessels are involved, 
there is an increase in the RI compared with “normals,” 
particularly in patients with severe disease.®* 


a Hepatorenal Syndrome 


This can occur in either acute or chronic liver disease. 
There is marked vasoconstriction of the intrarenal ves- 
sels as a result of complex interactions among a multi- 
tude of neurohumoral disturbances, which leads to 
vasodilatation and pooling of blood in the splanchnic 
vessels, resulting in underfilling of the systemic arterial 
system and consequent compensatory vasoconstriction 
and a reduced GFR.°*°° The role of ultrasound in these 
patients is to exclude obstruction or changes of renal 
parenchymal disease as a possible cause for the im- 
paired renal function. Doppler ultrasound will show 
an increased RI as a result of the vasoconstriction and 
this can be demonstrated before azotemia develops, 
allowing identification of those at risk of kidney dys- 
function and hepatorenal syndrome.®”*° It has been 
suggested that liver transplant patients with evidence 
of hepatorenal syndrome prior to the operation tend to 
have a more stormy and protracted recovery period 
after transplantation. 


End-Stage Renal Disease 


Fig. 3.18 ACDK. A scan of the right kidney showing multiple 
tiny cysts throughout the parenchyma in a patient on hemo- 
dialysis 


E Hemolytic Uremic Syndrome 


This is the commonest cause of ARF in children and is 
usually linked to infection with an enterohemorrhagic 
strain of E. coli from undercooked food. It is character- 
ized by the simultaneous occurrence of hemolytic ane- 
mia, thrombocytopenia, and renal failure.®° The renal 
failure is caused by a thrombotic microangiopathy af- 
fecting the intrarenal vessels.”° Consequently, Doppler 
will show a significant increase in the RI; the clinical 
value of this measurement is that, in patients who show 
recovery of renal function, the RI starts to fall prior to 
biochemical improvement, thus allowing some predic- 
tion of outcome. 


Ma End-Stage Renal Disease 


Failure of the kidneys and ESRD is the eventual outcome 
of many renal pathologies. In many cases the kidneys 
contract and have an echogenic parenchyma, but this is 
not always the case and renal size does not correlate 
with function. 


a Acquired Cystic Disease of the Kidneys 


Acquired cystic disease of the kidneys (ACDK) was orig- 
inally associated with patients on hemodialysis, but it is 
now recognized that it can occur in patients on other 
forms of renal replacement therapy, as well as in pa- 
tients with severe chronic renal disease who have not 
yet progressed to dialysis.’”’ Histologically there are 
proliferative changes leading to the formation of small 
adenomas and cysts (Fig. 3.18); rarely carcinoma may 


Fig. 3.19 Carcinoma in a patient with ACDK. A solid lesion is 
seen at the upper margin of this kidney (arrow) with significant 
disorganization of the remainder of the visible parenchyma 


develop (Fig. 3.19). The ultrasound appearances depend 
upon the severity of the changes. There may be a few 
small cysts in small, or normal-sized kidneys, or more 
marked changes with multiple small cysts and enlarge- 
ment of the kidneys. The severity of the changes are 
more marked in patients who have been on renal re- 
placement therapy for longer periods.’? A successful 
transplant appears to protect against the development 
of these changes in patients without evidence of ACDK 
before the operation and there is some evidence that 
the changes may regress in some patients following 
transplantation.’”?”4 


Summary points: 
Diabetes is the commonest cause of ESRD in the 
Western world 
RF is an important cause of death in patients with 
both primary and secondary amyloid 


Sickle cell disease is a recognized cause of papillary 
necrosis 

Ultrasonic appearances of ACDK are generally more 
severe in patients on long-term renal replacement 
therapy 

Carcinoma is a rare complication of ACDK 
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4 Chronic Renal Failure 
M. J. Weston 


= Introduction 


Many of the diseases discussed in the Chapter 3 (Paren- 
chymal Diseases of the Kidney) can progress to com- 
plete renal failure. Nephrons are destroyed or lose their 
function. The kidneys of patients with polycystic kidney 
disease have a recognizable appearance with large kid- 
neys comprised of innumerable cysts of varying sizes. 
Other conditions have less recognizable features once 
terminal uremia becomes established. A study of 67 
patients with uremia during the period before dialysis 
was started showed that the two leading causes of 
uremia were chronic glomerulonephritis and diabetic 
nephropathy.' Normal kidney size and high reflectivity 
on ultrasound were common among the diabetic 
nephropathy group, whereas chronic glomerulone- 
phritis patients had kidneys that were small and highly 
reflective (Fig.4.1). There have been numerous claims 
for the ability of ultrasound to characterize renal paren- 
chymal disease. However, despite ultrasound trends 
favoring one diagnosis or another, there is still the 
need for renal biopsy to reach a definite diagnosis.” 
Doppler ultrasound of the renal interlobar arteries 
demonstrates that the resistive index (RI) has a value 
in determining prognosis of renal failure. A progressive 
lowering of the renal RI during follow-up of acute renal 
failure is correlated with recovery of renal function.” 
Likewise, in chronic nephropathies a high renal RI at 
initial presentation predicts that there will be progres- 
sive renal failure. 

Small, high-reflective kidneys may be difficult to 
locate with ultrasound, particularly on the left, as the 
adjacent perirenal fat can appear very similar 
(Fig.4.1b). The movement of a kidney with respiration 
may be the only feature that allows detection. 


Mi Diseases Associated with the 
Native Kidneys 


E Acquired Cystic Disease of the Kidneys 


Proliferative changes in the native kidneys of patients 
with end-stage renal failure lead to the formation of 
small cysts and adenomas in up to 60% of cases. This 
usually occurs once the patients are on dialysis and is 


Fig. 4.1 a A left kidney in chronic renal failure (CRF) due to 
diabetic nephropathy (between arrows), demonstrating high 
reflectivity and normal size. b A small high-reflective left 
kidney in CRF due to chronic glomerulonephritis (between 
arrows), which is difficult to visualize on ultrasound 


equally common whether hemodialysis or peritoneal 
dialysis is used. There is a preponderance of males 
affected; there is also a tendency for the rate of increase 
in the size of kidneys due to acquired cystic disease 
(ACDK) to be greatest in young males.° This increase 
in size can even mimic the appearances of adult poly- 
cystic disease.° The frequency of ACDK increases with 
the duration of dialysis.? Once transplantation of a 
functioning kidney occurs, a degree of protection 


against the development of acquired cystic disease oc- 
curs; existing changes may even regress. Lack of regres- 
sion of a focal area of cystic change in a patient follow- 
ing transplantation, when the rest of the cysts are re- 
gressing, is suspicious for the development of a cystic 
renal cell carcinoma (RCC). 

Ultrasound shows the presence of small cysts in the 
kidneys (Fig. 4.2). These cysts may number only a few 
but can be very numerous. If enough cysts are present, 
the kidneys become enlarged.° Small cysts may be in- 
distinguishable from small solid lesions. This is not 
important. However, the development of larger or en- 
larging solid masses is of concern for malignant change. 


E Hemorrhage 


ACDK is associated with an increased risk of bleeding 
either into the kidney or into the perinephric space. In a 
study of 30 dialysis patients over seven years, 17% de- 
veloped large hemorrhagic cysts and 13% developed 
large perinephric hematoma.’ These episodes of hem- 
orrhage may be large enough to be life-threatening; 
three out of eight patients in another series died as a 
direct result of hemorrhage.'° As expected the episodes 
of hemorrhage are more likely to occur in patients on 
anticoagulant therapy. 


a Malignant Transformation 


There is an increased risk of RCC in patients with ACDK 
which is over and above any risk from the underlying 
condition or any immunosuppressive therapy.'' The 
high prevalence of RCC in patients with ACDK (3.4%) 
makes screening of the native kidneys before trans- 
plantation sensible,!? though there is not universal 
agreement that annual screening of dialysis patients is 
worthwhile.'* There is also an increase in the rate of 
urothelial carcinoma of the upper renal tracts, partic- 
ularly those with toxic nephropathies such as analgesic 
nephropathy, but this is unrelated to ACDK."”* Further- 
more, there is an increase in gastrointestinal malignan- 
cies in dialysis patients. In one study, a combination of 
fecal occult blood testing, endoscopy, and ultrasound 
revealed 10 malignant tumors in 178 patients starting 
dialysis and 34 patients on maintenance dialysis.'° Not 
surprisingly, the authors advocate regular gastrointes- 
tinal screening for dialysis patients, though importantly 
this is based on a Japanese population with a higher 
prevalence of gastrointestinal disease than in Europe. 


Diseases Associated with the Native Kidneys 


Fig.4.2 A kidney (between cursors) in CRF, demonstrating 
high reflectivity and multiple small cysts 


E Secondary Hyperparathyroidism 


Secondary hyperparathyroidism is one of the most im- 
portant complications in chronic dialysis patients. Not 
only is it a state of increased parathyroid hormone 
secretion but also one of parathyroid gland hyperplasia. 
Ultrasound plays an essential role in the identification 
of enlarged parathyroid glands and the guidance of 
percutaneous ethanol injection for treatment.'*!” The 
parathyroid glands are variable in position but are most 
commonly found at the upper and lower poles of the 
two lobes of the thyroid. The enlarged parathyroid 
glands characteristically are ovoid, low-reflective 
masses on ultrasound; they exhibit increased vascular- 
ity on color Doppler (Fig. 4.3). The vascularity decreases 
with appropriate treatment of the renal osteodystro- 
phy. 


m Other Complications 


It is estimated that 5-13% of all dialysis patients will 
develop renal calculi.!8 The total volume of urine pro- 
duction in dialysis patients is variable, but even so most 
patients who develop calculi will spontaneously pass 
the calculi. Watchful waiting is advised. However, if 
active treatment is needed then standard treatment 
with lithotripsy or ureteroscopy carries no greater com- 
plication rate than in nondialysis patients. Bilateral 
nephrectomy for severe, recurring stone disease is ad- 
visable in patients who are candidates for renal trans- 
plantation. There is an increased cardiovascular mortal- 
ity rate in dialysis patients. It is possible, using a mea- 


45 


Nephrology 


46 4 Chronic Renal Failure 


Fig.4.3 An oval low-reflective vascular abnormality lying at 
the lower aspect of the left lobe of the thyroid, in keeping 
with parathyroid hyperplasia in a patient with CRF 


Fig. 4.4 A longitudinal view of the distal common carotid ar- 
tery in a patient with chronic renal failure, demonstrating an 
intimamedial thickness of 1.2 mm (between arrows), suggest- 
ing an increased risk of cardiovascular disease 


surement of the carotid intimamedial thickness to 
stratify the risk; those with the increased intimamedial 
thickness have the greatest probability of death from a 
cardiovascular cause (Fig. 4.4).'° 


Summary points: 

e Ultrasound cannot reliably predict the underlying 
cause of chronic renal failure, though there are 
pointers 

e Once on dialysis, native kidneys may undergo cystic 
change 

e There is an increased risk of malignant transforma- 
tion 


e Regression of cystic change may occur after trans- 
plantation 


Dialysis 
Continuous Ambulatory Peritoneal Dialysis 


A long-term indwelling peritoneal catheter is used for 
the instillation of dialysis fluid into the peritoneal cav- 
ity. Then, after an interval to allow passage of waste 
products across the peritoneum, the fluid is drained 
back out. Ultrasound has a role in guiding access to 
the peritoneum and in assessing the complications of 
continuous ambulatory peritoneal dialysis (CAPD). 


Exit- Site Infection and Tunnel Infection 


Infection of the peritoneal dialysis catheter in its ab- 
dominal wall tunnel or at its exit through the skin is a 
common cause of loss of the catheter. Exit-site infec- 
tions are defined as purulent discharges at the skin exit 
and are mostly due to Staphylococcus aureus; localized 
erythema around the catheter may be a less serious 
form of the infection.?° Ultrasound is required for the 
diagnosis of tunnel infections and is indicated in those 
who have exit-site infections and those who have 
symptoms of peritonitis. Ultrasound features are of a 
low-reflective “cuff” of fluid surrounding the catheter 
(Fig. 4.5).2! The presence of this pericatheter fluid pre- 
dicts those that are at risk for catheter loss.?* Measure- 
ment of the width of the pericatheter fluid may also 
allow prediction of which patients are responding to 
antibiotic treatment. One study demonstrated that pa- 
tients who responded and did not require catheter 
removal had a decrease in the fluid width from 7 mm 
to 3.75 mm at two weeks.” 


Fig. 4.5 A fluid collection (arrow) is present surrounding a 
CAPD line 
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Fig.4.6 a A computed tomography (CT) image of a pelvic 
collection (long arrow) that developed as a complication of 
CAPD infection (short arrows). Access for percutaneous drain- 
age is limited by surrounding bowel and other pelvic struc 
tures. b Transvaginal ultrasound-guided drainage (arrow) of 
the collection shown on the CT image. The transvaginal route 
will allow drainage of fluid collections that would otherwise be 
inaccessible by the percutaneous route 


Peritonitis 


Infective peritonitis is part of the continuum of cathe- 
ter-related sepsis. Infection may cause loculation of the 
peritoneal cavity and the development of abscesses (in 
approximately 1% of episodes of peritonitis).2* Ultra- 
sound is useful in the guidance of percutaneous drain- 
age of these collections. The transvaginal or transrectal 
ultrasound-guided route may drain otherwise inacces- 
sible collections deep in the pelvis (Fig. 4.6). Instillation 
of tetracycline into the emptied cavity will reduce re- 
currence of infection. Prolonged peritoneal dialysis and 
repeated episodes of infection may lead to thickening of 
the peritoneum, adhesion formation, and loss of free 
movement of bowel. The thickness of the peritoneum 
can be measured with ultrasound at the sternum-um- 
bilical line distal to the xiphoid process; charts of nor- 
mal thickness of the peritoneum have been devel- 
oped.” Hemodialysis patients should show a normal 
peritoneal thickness. 


Fig. 4.7 a Intraperitoneal fluid demonstrating fine stranding 
(arrows) in a patient on CAPD. b A thickened layer of perito- 
neum seen lying as a continuous line over the surface of several 
bowel loops indicative of sclerosing peritonitis (arrow) 


Sclerosing peritonitis is a rare but serious complica- 
tion of CAPD, which encompasses a generalized thick- 
ening of the peritoneum, encapsulating small bowel, 
and causing thickening of the mesentery and omentum. 
Sclerosing peritonitis not only leads to loculation of the 
dialysis fluid but also to a decrease in the permeability 
of the peritoneum so that dialysis filtration ceases to 
occur. The main risk factor is the length of time a 
patient has been treated with CAPD. Ultrasound fea- 
tures are increased small bowel peristalsis, tethering of 
the bowel to the posterior abdominal wall, stranding 
within the peritoneal fluid and “membrane” formation 
(Fig. 4.7). The “membrane” may show a typical trilami- 
nar appearance. These features are all best appreciated 
if the ultrasound examination is performed with dialy- 
sis fluid within the peritoneal cavity.?°?7 
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Fig.4.8 Hemoperitoneum occurring as a complication of 
CAPD. The blood is shown by the presence of fine, diffuse 
echoes within the fluid (arrow). 


Other Observations 


Fluid volume and hydration status of a patient on CAPD 
may be assessed by measuring the diameter of the 
inferior vena cava (IVC) corrected for the size of the 
patient. Measurements < 8 mm/m? indicate underhy- 
dration; measurements > 11.5 mm/m? indicate overhy- 
dration.”8 

Gallbladder-wall thickening in ascites has been at- 
tributed to hypoalbuminemia, a common observation 
in patients with chronic liver disease. Studies of CAPD 
patients with hypoalbuminemia have failed, however, 
to show any increase in the gallbladder-wall thick- 
ness.79 

Pancreatitis should be considered as a differential 
diagnosis for CAPD patients presenting with abdominal 
symptoms, particularly if they do not have any signs of 
infection or positive microbiology cultures. CAPD pa- 
tients have an increased incidence of pancreatitis; se- 
rum amylase levels and ultrasound are unreliable in the 
diagnosis.’ 

Recurrent episodes of hemoperitoneum (Fig. 4.8) 
may be related to catheter problems and infective epi- 
sodes. However, in women of reproductive age on 
CAPD, it may be due to hemorrhagic ovarian cyst for- 
mation and subsequent rupture. The oral contraceptive 
pill can suppress this complication.’ 


Summary points: 

CAPD complications include: 
e Catheter tunnel infections 
e Peritonitis 


e Infective 

e Sclerosing peritonitis 
Hemoperitoneum 
Poor fluid balance 


Pancreatitis 


E Hemodialysis 


Hemodialysis treatment requires venous access. In 
long-term patients, this is best managed with the for- 
mation of an arteriovenous fistula (AVF). This allows 
repeated needling of the draining vein and high blood 
flow to facilitate rapid dialysis. Some patients require 
catheter-directed hemodialysis, because either they are 
in the acute phase of renal failure or an AVF has not yet 
been surgically constructed or has failed. Ultrasound 
guidance is recommended for all venous catheter place- 
ments; it also allows veins that might ordinarily be 
inaccessible to be punctured safely.?? Furthermore, 
color Doppler ultrasound allows interrogation of 
blood-flow dynamics; finding retrograde flow in a 
vein about to be punctured indicates that there is a 
more central venous occlusion rendering the chosen 
site of access inappropriate.” 

There are three main types of AVF: i) Direct anasto- 
mosis between adjacent artery and vein (typically ra- 
diocephalic or brachiocephalic); ii) Straight interposi- 
tion grafts, usually with an autologous vein graft, be- 
tween two distant vessels (examples are radiobasilic 
and brachioaxillary grafts); and iii) Loop polytetra- 
fluoroethylene (PTFE) synthetic grafts (these may be 
brachiobasilic or femorofemoral). The quality of the 
patient's arterial and venous vessels dictates the type 
of AVF that is formed. Ultrasound has an important role 
in assessing the arteries and veins before AVF formation 
and is of value in looking for stenosis and other com- 
plications of established fistulae. 

The nondominant arm is preferred for AVF forma- 
tion. Preoperative assessment with ultrasound requires 
the inflow artery to be checked for atheromatous steno- 
sis and the proposed draining vein to be checked for 
compressibility, size, and distensibility.** If the cephalic 
vein is being evaluated as a potential AVF outflow vein, 
then a minimum vein diameter of 2 mm or more pre- 
dicts good fistula maturation. Whereas, a minimum 
cephalic vein diameter < 2 mm predicts less than 20% 
of fistulas will become functional.?° Those patients who 


have the site of AVF planned with ultrasound have a 
94% functional rate compared with only 75% functional 
rate for those planned with standard physical exami- 
nation alone.” Furthermore, ultrasound planning in- 
creases the proportion of patients who are able to 
have fistulas rather than grafts: Fistulas may have a 
higher primary access failure rate than grafts but grafts 
have a higher subsequent long-term failure rate.?’ 
Grafts also require a threefold higher intervention 
rate to maintain their patency than fistulas do. There- 
fore, routine use of upper extremity Doppler ultrasound 
identifies many patients with veins that are suitable for 
use and determines arteries with optimal inflow for 
successful AVF formation.?® 

AVF need three weeks of maturation time to allow 
subsidence of edema, wound healing, dilation of the 
draining vein, and arterialization of the vein wall to 
occur, prior to commencing dialysis. Ultrasound of 
new AVF at two to four months can predict longer- 
term fistula maturity and function (Fig.4.9); adequacy 
of fistula function is doubled if the draining vein diam- 
eter is > 4mm, and a volume flow of 500 mL/min or 
greater predicts better function.” 


Complications of Arteriovenous Fistula 


Acute thrombosis: This is the commonest early com- 
plication and is usually caused by technical flaws in the 
surgical formation of the AVF. Acute thrombosis is clin- 
ically detected by an absent pulse or fistula “thrill.” 
Ultrasound very readily confirms the absence of flow 
(Fig. 4.10). 


Late thrombosis: This is caused either by progression 
of atheromatous arterial inflow disease or by stenosis of 
the outflow vein. The latter is commonly due to neo- 
intimal hyperplasia at the anastomosis or at needling 
sites. There is some controversy as to whether ultra- 
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Fig. 4.9 a Color and spectral Doppler ultrasound of the radial 
artery supplying an AVF, demonstrating a monophasic wave- 
form pattern, with forward flow in diastole. b The measured 
vascular velocity at the point of fistulation is often very high, 
which makes assessment of a stenosis at this point on velocity 
criteria alone problematic. 


Fig. 4.10 a Color Doppler ultrasound image of the draining vein from an AVF demonstrates no color Doppler flow and is occluded. 
b Color Doppler ultrasound image of the arterial limb of a loop graft demonstrates no color Doppler flow and is occluded. 
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Fig.4.11 Color and spectral Doppler ultrasound image of a 
focal high-velocity “jet” in the draining vein, indicative of a 
venous stenosis. There should be at least a doubling of velocity 
measurements between adjacent segments before a signifi- 
cant stenosis is diagnosed. 
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sound should be used as a routine screening tool or only 
in response to clinical signs of fistula malfunction. It is 
accepted that many clinically silent stenoses may be 
detected by ultrasound in an otherwise well-function- 
ing AVE.*° What is less clear is whether intervention to 
correct a silent stenosis improves overall fistula sur- 
vival.“ 

There is more support for the use of ultrasound in 
assessing a fistula that is demonstrating clinical evi- 
dence of malfunction. Those fistulas with unequivocal 
clinical features of malfunction can proceed straight to 
catheter angiography, whereas those fistulas with only 
intermediate clinical evidence of fistula malfunction 
should have ultrasound examination. One third of this 
latter group are likely to show no ultrasound evidence 
of stenosis and so can avoid angiography.“ 

Ultrasound criteria for fistula stenosis are varied. 
Flow in the feeding artery and through the AVF is 
characteristically of continuous, low-impedance mono- 
phasic flow. A doubling of peak systolic velocity (PSV) 
from before a stenosis to within a stenosis is a sign of a 

0% diameter stenosis. PSV > 400 cm/s suggest dys- 
function, as do low-flow states of < 50 cm/s (Fig. 4.11). 
Volume flow is a less reproducible measure, but flow 
states of < 400 mL/min predict the presence of a steno- 
sis. Volume flow measurements can be improved us- 
ing the ultrasound dilution technique.** 


The steal syndrome: If the AVF is too large, it will 
redirect excessive blood flow—called the steal syn- 
drome—leading to distal limb and hand ischemia in 
3-7% of patients. The flow in the artery distal to the 
AVF should be away from the fistula and toward the 
hand; it should also have a multiphasic spectral Dop- 
pler waveform. Reversal of this flow and a monophasic 
spectral Doppler waveform indicate the presence of a 
steal syndrome (Fig. 4.12). An AVF may also steal exces- 
sive blood flow from proximal arterial branches. Sub- 
clavian steal, with episodes of vertebrobasilar insuffi- 
ciency, has been recorded in a patient with a brachio- 
cephalic AVF. Flow in the vertebral artery was re- 


versed,4°:46 


Venous hypertension: This is caused by a central ve- 
nous occlusion or stenosis and results in a high-pres- 
sure venous system and retrograde venous flow. Ve- 
nous hypertension occurs most commonly in those 


Fig. 4.12 a Color and spectral Doppler ultrasound of flow in a 
radial artery distal to an AVF; normal antegrade triphasic flow 
in the artery toward the wrist. b Color and spectral Doppler 
ultrasound of flow in a radial artery distal to an AVF; flow 
reversed away from the wrist and toward the fistula. This is a 
“steal phenomenon” and the patient may experience symp- 
toms of hand ischemia. 


Fig. 4.13 a Cross-sectional ultrasound image at the level of a 
small hematoma/collection (between cursors) next to an AV 
loop graft (arrow). b Cross-sectional ultrasound image of a 
draining vein from an AVF that has become dilated (between 
cursors). c Cross-sectional color Doppler ultrasound image of 
the draining vein, confirming aneurysmal dilatation (between 
cursors) secondary to repeated needling. 


patients who have had a large-bore, central venous 
catheter placed in the past. 


Aneurysm Formation: Venous aneurysms are usually 
caused by repeated needle puncture (Fig. 4.13). They are 
usually left untreated, provided the overlying skin re- 
mains intact. Sensible needle placement avoids further 
complications. Dilation of the inflow artery occurs with 
time and some patients develop true arterial aneu- 
rysms (two out of 29 in one series).*” False aneurysms 
(without a surrounding vessel wall) do occur in the 
inflow artery but are usually secondary to malplace- 
ment of the needle. False aneurysms may be treated 
with ultrasound-guided thrombin injection.*® 
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Summary points: 
Ultrasound has a role in: 

e Planning the site of AVF 

e Assessing fistula maturation 


e Diagnosing complications 
e Stenosis 
e Thrombosis 
e Steal phenomenon 
e Aneurysm formation 
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5 Renal Transplantation 
G.M. Baxter 


Mam Background 


The road to what we now regard as the routine and 
successful procedure of renal transplantation has not 
been smooth and indeed dates back to the earliest 
days of Carrel’s experimental attempts at transplanta- 
tion at the beginning of the 20th century, which resulted 
in the Nobel Prize of 1912.' During the nonimmunosup- 
pressed attempts at transplantation in the 1950s and 
then the more successful and encouraging outcomes of 
the twin-to-twin transplants” later that decade, there 
were so many severe setbacks and pitfalls that many 
groups at the time wondered whether further work in 
this area was justified. However, a better understanding 
of tissue rejection, the introduction of steroid and aza- 
thioprine in 1963, and then more specifically the use of 
cyclosporin A by Calne et al. in the 1970s,* opened the 
door to progress. 


Fig.5.1 Graph of the various forms of treatment of chronic 
renal failure in the West of Scotland, 1968-2002 


Further improvements in surgical technique, new 
and more effective antirejection therapy which over 
the years has become less toxic, the routine use of ultra- 
sound in the 1970s and Doppler a decade later, and the 
rapid development of interventional radiological tech- 
niques all combined in a very synergistic manner to 
make this a routine technique with the successful clin- 
ical outcome we now take for granted. It is fair to say, 
however, that without the fortitude and dedication of 
these early pioneers, it is unlikely that this status would 
have been achieved and indeed much of the work that 
will be described in this chapter owes a great debt of 
gratitude to those early pioneering and informative 
years. 


[= Introduction 
The number of patients with end-stage renal disease 
(ESRD) continues to rise slowly and it is estimated that 
it will not plateau until before the middle of the 21st 
century. This largely reflects a combination of an aging 
population and a significant improvement in long-term 
prognosis in this patient group, particularly in those 
patients with co-morbidity diseases and in particular 
diabetes mellitus. The implication, therefore, for public 
health resources, in this group, is unremitting in terms 
of diagnosis, treatment, and long-term surveillance, 
and it is clear that this combination of factors is likely 
to constitute a serious health-resource issue.° 
Treatment options for ESRD varies and includes he- 
modialysis and peritoneal dialysis; there is no doubt, 
however, that the treatment option of choice is renal 
transplantation (Fig.5.1). Limitations of the latter op- 
tion, however, are well-appreciated and well-recog- 
nized by the general public, as many public health cam- 
paigns highlight the continuing shortage of suitable do- 
nor kidneys.’ Thankfully better donor-recipient match- 
ing,® use of more potent immunosuppressive regimes? 
in combination with improved surgical techniques have 
all resulted in an improvement in outcome, the one- and 
five-year graft survival rates in Europe in the mid-1990s 
being 77-82% and 57-64%, respectively." Further im- 
provements in these figures can be expected through 
earlier recognition and treatment of a variety of trans- 
plant insults and complications, and indeed current fig- 


ures show a one-year graft survival of 90% and a five- 
year survival of 70%, with slightly higher values for living 
donor kidneys, and slightly lower for second and subse- 
quent transplants. (For current updated information see 
www.uktransplant.org.) 

It is universally agreed that transplantation is with- 
out doubt the treatment of choice. For a number of 
patients with chronic renal failure, a successful renal 
transplant will provide a glomerular filtration rate 
(GFR) of 50-60 mL/min, which although only half of 
the normal adult value, is sufficient to return the ma- 
jority of patients to a normal and independent life pat- 
tern. Such an improvement in lifestyle and quality of life 
is difficult, and some would say impossible to measure 
or cost. However, what is clear is that in the potentially 
harsh world of health economics, the cost-benefit of a 
successful and functioning transplant far outweighs that 
of failure, and this is one reason why many resources are 
focussed and targeted on the pretransplantation, peri- 
transplantation, and posttransplantation period to en- 
sure as high a success rate as is possible. The average 
normal life expectancy of a transplant kidney is 7-10 
years, increasing to 15-20 years when a live donor organ 
is used. Although many different imaging techniques 
are employed in dealing with the transplant patient, 
there is absolutely no doubt that ultrasound is central 
and crucial, and that it is very useful in both the early 
postoperative period as a noninvasive indicator of trans- 
plant dysfunction and also in the long-term follow-up of 
many of these patients. This chapter will highlight the 
value and application of this imaging technique. 


© Indications and Contraindications 
in Transplantation 


There are few contraindications to renal transplanta- 
tion, and this treatment option should be considered 
for all patients with ESRF that is of a severity to require 
dialysis. Those unfit for transplantation are generally 
those who are unfit for anesthesia or surgery, for exam- 
ple severe cardiac or respiratory disease, or severe arte- 
riopathy. In addition, the known potential problems of 
immunosuppression in the context of pre-existing in- 
fection and malignancy should be considered, as should 
the risk of disease recurrence, which is particularly as- 
sociated in patients with oxalosis or active vasculitis. 


mi Donor Supply 


The main sources of organ transplantation are generally 
either brain-dead, ventilated organ donors or live, re- 
lated donors. Although the majority of transplants in 
developed countries are cadaveric in origin and more 


Surgery 


live, related operations are performed in developing 
countries, there is no doubt that due to the current 
shortage of available organs there is a small but notable 
increase in live donor transplants now being recorded 
in developed countries. Indeed, both live, related and 
live, unrelated donor transplantation is now possible 
and has a very similar outcome and prognosis. Some 
technical differences exist in terms of surgical tech- 
nique and recipient outcome between cadaveric and 
live, related donor transplants. However, the overall 
management of the recipient can be regarded as similar. 


a Histocompatibility Testing 


In order to reduce the risk of rejection as far as possible, 
in particular hyperacute rejection, the detection of do- 
nor-specific antibodies in the lymphocyte cross-match 
test is a contraindication to transplantation. 

The risk of subsequent episodes of acute rejection is 
partially dependent upon the degree of human leuko- 
cyte antigen (HLA) matching between donor and recip- 
ient. The genes determining the HLAs are located on 
chromosome 6.!*!? The importance of HLA matching is 
reflected in the improved graft survival of a fully HLA- 
matched graft (T1/2, 17.3 years) compared with an in- 
complete, HLA-mismatched graft (T1/2, 7.8 years).'?:"4 


i Preoperative Management 


The transplant procedure should be performed, cer- 
tainly within 24 hours of organ retrieval and at worst 
48 hours. During this period the recipient will have 
been chosen, appropriately prepared for theatre, i.e. 
screened for infection, cardiorespiratory reserve as- 
sessed, and additional dialysis given if fluid/metabolite 
imbalance requires correction. 

A live, related donor, who can either be a family 
member or close friend, is screened with a combination 
of clinical history, examination, and HLA status assess- 
ment. Other tests vary from center to center and in- 
clude a 24-hour creatinine clearance, serology, liver 
function tests, and a choice of intravenous urogram, 
dimercaptosuccinic acid (DMSA) scan, renal arteriogra- 
phy, and computed tomography (CT) and/or magnetic 
resonance (MR) imaging to assess renal function. 


Ms Surgery 


Traditionally the transplant renal vessels are anasto- 
mosed to the external iliac artery and vein in the case 
of a cadaveric transplant and to the internal iliac vessels 
in a live, related transplant. In those receiving a third 
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Fig. 5.2 Normal functioning transplant kidney in the early post- 
operative period. The ureteric stent (arrows) can easily be seen 
curled up within the renal pelvis and running down the proximal 
ureter, which is only slightly distended. A small peritransplant 
collection (thick arrow) is noted. This was a benign postoper- 
ative collection which did not require any intervention 


transplant, an intraperitoneal approach to the iliac vas- 
culature can be used if required. The vesicoureteric 
anastomosis is performed by joining a shortened donor 
ureter with the dome of the bladder. As a consequence 
of this procedure the lower end of the ureter, particu- 
larly if the ureter is left too long, may be prone to 
ischemic insult and may result in stricture formation, 
which can on occasion be functionally significant. At 
many centers a perioperative ureteric stent is placed; 
this is normally removed at three months (Fig. 5.2). 

Postoperative complications vary from center to 
center but include bleeding (< 1%), major vascular oc- 
clusion of an artery or vein (1-2%), wound infection 
(1.6-6.3%), and a number of urologically-related com- 
plications, including anastomotic leak, obstruction, and 
hematuria (1.3-7%).-'8 


© Immunosuppression 


The aim of immunosuppression is clearly to prevent 
rejection without inducing infectious complications or 
serious drug toxicity. A number of options are now 
available. A conventional regime may have included a 
combination of cyclosporine (cyclosporin A), azathio- 
prine, and steroids (prednisolone). However, newer 
agents, including tacrolimus,'? mycophenolate,” and 
sirolimus (rapamycin), are also often used. Antibody 
therapies, i.e. anti-interleukin 2, are effective and less 
toxic than the older, more traditional humoral agents, 
including OKT3 and antithymic globulin, and are often 
used in high-risk patients. Clearly, with an increased 
number of options, immunosuppressive regimes will 
vary from center to center. 


The treatment of established acute rejection is nor- 
mally with high-dose oral or intravenous steroids and 
in resistant cases immunodepletion with antibody ther- 
apy or tacrolimus. Unfortunately, there is no effective 
treatment for hyperacute or chronic rejection. 


Summary points: 

e The one- and five-year graft survivals are currently 
90% and 70% 
A combination of an aging population and increased 
requirements constitutes a major public health and 


ethical issue 

There are few contraindications to transplantation 
Disease recurrence posttransplantation is high in 
patients with oxalosis or active vasculitis 
Immunologically well-matched kidneys have a fa- 
vorable outcome 


[= Imaging the Transplant Kidney 


The transplant kidney can normally be visualized in 
either iliac fossa, largely lying a number of centimeters 
below the skin surface and therefore easily accessible. 
Orientation of the transplant can be variable depending 
on the surgical technique; however, perpendicular im- 
ages can normally be obtained. As for all ultrasonic 
techniques, resolution depends on a well-appreciated 
number of factors, including patient build, depth of 
transplant beneath the skin surface, and the presence 
or absence of postoperative edema. In general a 4-MHz 
probe gives a good overall assessment of the kidney, 
perirenal, or transplant collections and also allows in- 
terrogation of the transplant vasculature, including the 
more deeply situated iliac vessels. A higher frequency 
probe (e. g., 7 MHz) does give excellent near-field reso- 
lution and therefore good anatomical detail of the 
transplant kidney, but in all but the thinnest of patients 
will probably not allow visualization of the deeper 
situated vascular structures. 

Morphologically there is no difference between the 
transplant and native kidneys, which are identical, in 
that there is a well-defined renal parenchyma periph- 
erally with a bright echogenic fat containing renal sinus 
centrally. Due to the improved resolution of the trans- 
plant kidney, the renal pyramids are more commonly 
visualized and are hypoechoic relative to the overlying 
parenchyma and are regularly spaced with no commu- 
nication between them, this being a useful differentiat- 
ing feature from calyceal dilatation (Fig.5.3). It is not 
uncommon to observe mild hydronephrosis in the early 
postoperative period in the “normal” transplant kidney 
and this largely reflects postoperative edema with 


some ureteric compression at the vesicoureteric anas- 
tomosis. Although this may resolve with time, this may 
not always be the case. However, assuming renal func- 
tion to be normal, a minor degree of dilatation is gen- 
erally documented to act as a baseline on which sub- 
sequent examinations can be evaluated. 

It is important not to confuse the transplant vessels, 
i.e. the artery and vein at the renal hilum, with a dilated 
or prominent renal pelvis, and these should be easily 
differentiated with the use of color or power Doppler. 
The bladder should be routinely imaged when possible 
and should be echo-free. The presence of intravesical 
turbid echoes may indicate either hemorrhage or in- 
fection, depending on the clinical situation. 

Color Doppler ultrasound is extremely helpful as it 
provides an instantaneous assessment of the intrarenal 
vasculature and therefore a global impression of overall 
transplant perfusion and helps identify the transplant 
artery and vein and the iliac vessels. Although the color 
flow information in itself is purely qualitative, in many 
circumstances this information is both helpful and re- 
assuring. As with all Doppler techniques, however, spec- 
tral Doppler analysis is required for quantification 
(Fig.5.4a,b). The technique of color flow Doppler in 
the transplant has much in common with that used 
elsewhere, i.e. the vessel is first identified with color, 
the spectral gate placed over the vessel, and a Doppler 
tracing obtained. The spectral Doppler renal waveform 
is characteristically a low-resistance waveform, i.e. it 
has a “ski-slope” appearance, with diastolic flow nor- 
mally contributing at least up to a third of the peak 
systolic value. Any reduction in diastolic flow may rep- 
resent a pathological process. In order for color Doppler 
ultrasound to be used effectively in the early transplant 
period, serial studies are required until renal function is 
clinically satisfactory. 

A number of Doppler indices including the pulsatility 
index (PI), resistive index (RI), and the systolic-to-dia- 
stolic and diastolic-to-systolic ratios can all be used, 
although the commonly utilized indices are the PI and 
RI. There is no perceived advantage to using one over the 
other. 


Pulsatility index (PI): 
peak systolic velocity - end diastolic velocity 
time-averaged mean velocity 


Resistive index (RI): 
peak systolic velocity - end diastolic velocity 
peak systolic velocity 


Imaging the Transplant Kidney 


Fig. 5.3 Normal transplant kidney. The renal pyramids (arrows) 
are regularly spaced and hypoechoic relative to the paren- 
chyma. They do not communicate and are readily differenti- 
ated from calyceal dilatation 


The main transplant artery can be very difficult to 
visualize due to its tortuosity (Fig.5.4c), and possibly 
partly because of this, a wide range of peak systolic 
values have been quoted for this vessel. At our center 
a cut-off value of 2.5 ms“! is used,?!~?? i.e. any value 
below this is regarded as normal, whereas above it is 
taken to represent a significant transplant artery steno- 
sis. Examination of this vessel may be a time-consum- 
ing and exacting procedure due to the twists and turns 
previously described and the requirement of precise 
angle correction, and therefore accurate velocity read- 
ings cannot be overemphasized (Fig. 5.4d). 

No specific values exist for the transplant renal vein. 
However, often the prime consideration, at least in the 
early transplant period, is simply whether flow is ab- 
sent or present. It is of paramount importance that both 
the iliac artery and vein are identified in order to dis- 
tinguish them from the renal vessels and indeed to 
exclude a more proximal lesion in the iliac vessel, for 
example the iliac artery, which may contribute or in- 
deed be the sole cause of adverse renal function. 


Summary points: 

e A 4 MHz ultrasound probe gives the best overall 
assessment of the transplant kidney 
Mild hydronephrosis is “normal” in the early post- 
operative transplant period 
Serial color Doppler ultrasound measurements are 


required to monitor transplant dysfunction 

The PI and RI are the most commonly used Doppler 
indices; there is no advantage of one over the other 
Both the transplant and iliac vessels should be 
identified to avoid confusion 


The peak systolic velocity (PSV) in the transplant 
artery is normally < 2.5 ms! 
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Early Complications 


Early complications are numerous and varied, and in- 
clude parenchymal insults, i.e. acute tubular necrosis 
(ATN), acute rejection, or both, vascular occlusion, ob- 
struction, hemorrhage, urinary leak, collections, infec- 
tions, and drug toxicity related to antirejection therapy 
itself. Often many of these complications may be differ- 
entiated on a combination of clinical history, bacteriol- 
ogy, and ultrasound. When all is said and done, often 
the main differential diagnosis is between acute rejec- 
tion and ATN and this can be very difficult clinically as 
symptoms are generally absent. As both entities require 
a different approach to treatment, early and accurate 
diagnosis is essential. Despite many attempts to the 
contrary it has not been possible to differentiate be- 
tween these entities with color Doppler imaging and a 
histological diagnosis is still required.?”®-?” Despite this 
limitation, ultrasound is still useful in its dual role of not 
only assessing and monitoring transplant dysfunction 
but also in assessing response to therapy. 


Acute Tubular Necrosis 


Acute tubular necrosis (ATN) is common in the early 
transplant period and up to 30% of patients may require 
dialysis in the early stages. Delayed graft function is 
rare in the live, related donor situation. ATN is princi- 
pally related to both donor and donor kidney, particu- 
larly the warm ischemic time. In those patients with 
established ATN requiring dialysis, recovery usually oc- 
curs within one to two weeks of transplantation, 
although in rare cases it can be delayed for significantly 
longer periods of time of up to three months. 


Fig.5.4 a Normal color Doppler scan of the transplant kidney. 
The intrarenal vessels are well-visualized and extend to the 
periphery of the cortex. The arterial (red) and venous (blue) 
branches can be easily distinguished. b Normal spectral Dopp- 
ler waveform from an interlobar artery. Having selected and 
drawn around an appropriate arterial waveform, the machine 
has automatically calculated both the PI and RI. Venous flow is 
noted beneath the baseline (arrow) c Normal color Doppler 
scan of the origin of the transplant renal artery (thin arrow) at 
its origin from the external iliac artery (thick arrow). d Spectral 
Doppler waveform of the transplant renal artery just distal to 
its origin. The normal renal artery waveform is well demon- 
strated and has a peak systolic velocity (PSV) of 1.20 ms”! 


Acute Rejection 

Diagnosis of acute rejection is by biopsy, which in the 
experienced hand is safe, with the complication of 
hemorrhage, requiring blood transfusion, and pain re- 
lief, requiring analgesia, of less than 5%.?8 Significant 
complications (SMI) remain below 5% despite needle 
size. However, the recommended technique is using an 
automated core biopsy system under direct ultrasonic 
guidance.7°-3! Needle sizes vary from 14-18-gauge (G). 
However, at our institution 16 G is normally employed. 
Acute rejection can affect up to 40% of patients and 
peaks at one to three weeks posttransplantation. As- 
suming it is recognized early, it is normally treated with 
high-dose steroids or antibody therapy. Patients are 
normally asymptomatic although if severe, rejection 
can be accompanied by a flulike illness consisting of 
pyrexia and graft tenderness. It should always be con- 
sidered in patients with deteriorating renal function 
and, as for ATN, the diagnosis is often very difficult, 
particularly in those with nonfunctioning grafts. Un- 
fortunately, its presence has an adverse long-term 
prognostic indication.** 


Delayed Function 


Although the B-mode appearances of acute rejection 
have been well-documented,” these are now largely 
of a historical interest and should essentially no longer 
be observed, particularly in the postoperative trans- 
plant period, as they occur late, well after the onset of 
acute rejection, and are so arbitrary and inconsistent 
that they are of limited value. Such ultrasonic features 
include a reduction in corticomedullary differentiation, 
reduction in renal sinus echoes, increased and reduced 
renal parenchymal echoes, increased cortical reflectiv- 
ity, and so forth. It is worthy of note, however, that 
observations of increased renal length“ and cross-sec- 
tional area?” have been reported in patients with acute 
rejection. Although ATN can also cause a minimal in- 
crease in renal length, it is much less marked when 
compared with acute rejection. As yet, however, none 
of these measurements have been adopted for clinical 
use. 

With regard to Doppler ultrasound, numerous stud- 
ies have been performed to assess the potential value of 
the technique in differentiating acute rejection from 
ATN, as a view to a noninvasive alternative to renal 
transplant biopsy. Many of the initial results were 
both confusing and contradictory, and this reflected a 
number of well-recognized factors, including inhomo- 
geneous study populations, inadequately defined end 
points, and differing diagnostic criteria. In retrospect 
the expectation of being able to differentiate two differ- 
ent pathological entities with Doppler ultrasound was 
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Fig. 5.5 a Spectral Doppler waveform from a kidney in the first 
week of transplantation with delayed function. On spectral 
analysis there was essentially complete absence of flow in 
diastole with a only a small focus remaining. The PI was mark- 
edly elevated at 4.01. This prompted renal biopsy which 
showed acute rejection. Appropriate antirejection treatment 
was started; the scan a few days later (b) showed restoration of 
normal diastolic flow highly suggestive of a favorable response 
to treatment 


probably optimistic.”®37” Nevertheless, this technique 
continues to have a clinical role in monitoring such 
patients with delayed function.*® 

The role of color Doppler, therefore, in the early 
postoperative period is to provide an overall qualitative 
impression of renal perfusion and on subsequent spe- 
cific vessel interrogation, quantitative serial spectral 
measurements. Scanning is performed three times per 
week in our institution until function is established. 
Differentiation of pathological entities (i.e., ATN from 
acute rejection) is not possible despite early claims. 
However, serial PI or RI measurements in conjunction 
with the clinical and biochemical findings are a useful 
guide for the clinician as to whether to proceed or 
refrain from biopsy. A PI < 1.5 or an RI < 0.7 is normal, 
whereas a PI > 1.8 or an RI > 0.7 should be regarded as 
pathological. It is fair to say that although both ATN and 
acute rejection can elevate both ratios, the higher the 
ratio, the greater the likelihood of acute rejection. Com- 
plete absence of diastolic flow or indeed flow reversal is 
due to acute rejection in the majority of cases. Once a 
diagnosis has histologically been established, response 
to treatment regimes can be documented with serial 
spectral measurements (Fig. 5.5). Power Doppler can be 
used in addition or even as a replacement for the color 
Doppler technique. However, there is no evidence to 
date that has shown any improved benefit of doing so?” 
and indeed, in my opinion, the loss of directional in- 
formation is in many circumstances disadvantageous. 

Other indices, including acceleration time, has 
shown interesting results in the early transplant period 
with a short acceleration time on day one being asso- 
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Fig.5.6 a Color Doppler scan of the transplant kidney. The 
pulse repetition frequency (PRF) or color velocity scale is set 
low for increased sensitivity. Despite this there is complete 
absence of intrarenal flow. b Flow, however, can be visualized 
on this transverse image in the iliac artery (arrow), which lies 
deeper than the transplant kidney. Some flash artifact can be 
visualized as the color sensitivity has been increased above 
normal levels (thick arrow). The appearances are those of renal 
artery occlusion 


ciated with a longer duration of delayed function and 
an acceleration time of <90 ms on day five? with a 
high risk of rejection. These results, however, do remain 
to be substantiated and conventional RI or PI measure- 
ments remain the mainstay for Doppler monitoring. 

Interestingly, with regard to outcome of the renal 
graft it has recently been demonstrated that an RI of 
> 0.80 measured at least three months following trans- 
plantation is associated with subsequent poor graft 
performance and death.*! This work has still to be sub- 
stantiated. 


El Thrombosis 
Arterial Thrombosis 


Arterial thrombosis is rare. It occurs in the early trans- 
plant period, is often clinically silent, and may be dis- 
covered incidentally either at isotope renography or 
routine Doppler imaging scan in a patient with pre- 
sumed delayed function. Predisposing factors include 
multiple renal vessels, pediatric donor kidneys, and 
atherosclerosis in either the donor or recipient. In gen- 
eral terms the process is irreversible and results in graft 
infarction and nephrectomy. Should the graft, however, 
contain multiple vessels, it is possible for one vessel to 
thrombose, resulting in focal segmental infarction and 
renal function to remain stable and satisfactory in the 
long term. 

The ultrasound appearances are striking. There is 
complete absence of flow in both the kidney and the 
main transplant artery on color flow and spectral anal- 
ysis. In this situation it is extremely important to con- 
firm that the ultrasound machine sensitivity has been 
properly adjusted; a search for flow in alternative ves- 
sels at similar depth or deeper will confirm this 
(Fig. 5.6). Occasionally a spectral waveform can still be 
seen in the main artery; if indeed this is the case, it is 
normally very abnormal, with absent diastolic flow and 
a significantly reduced amplitude and velocity. Assum- 
ing the color features are as described, this should not 
alter the suspected diagnosis. 

It is important to remember that absent intrarenal 
flow may also be seen in some patients with hyperacute 
rejection or renal vein thrombosis. In both these scenar- 
ios, however, color flow will be visualized in the main 
transplant artery with reversed diastolic flow on spec- 
tral Doppler analysis.4* On occasion, trauma can cause 
an acute arterial occlusion secondary to intimal dissec- 
tion; this is generally after the early transplant period 
and clinical history is normally highly suggestive. 


Venous Thrombosis 


Venous thrombosis is more common than arterial oc- 
clusion and causes acute pain and swelling of the graft, 
normally in association with an abrupt cessation of 
renal function and urine output. Typically patients are 
normally between the third and eight postoperative 
day; if the patient has delayed graft function then 
pain and tenderness will predominate. Withholding 
cyclosporin and tacrolimus in the early postoperative 
period and the use of subcutaneous heparin or aspirin 
are thought to help avoid this complication. However, 
none of these options have been proven in clinical trials. 
A high index of suspicion is required, as early diagnosis 
and intervention may help salvage the transplant kid- 


ney, although sadly nephrectomy is still performed in 
the majority of cases. Ultrasonic diagnostic criteria in- 
clude a dilated transplant vein with visible echogenic 
thrombus, thrombus within the intrarenal system, ab- 
sent flow in the transplant vein on color flow, and 
reverse diastolic flow in the main intrarenal arterial 
vessels and transplant artery on spectral Doppler anal- 
ysis (Fig. 5.7).44 

Low-amplitude parvus tardus-type waveform has 
been observed in the intrarenal vessels in this condition 
in patients who have incomplete renal vein occlusion 
and residual intravenous flow. As only a limited number 
of cases have been described, it is not clear whether this 
alters outcome or whether it remains as universally 
poor.*° 


|_| Obstruction 


Early obstruction within three days of transplantation 
normally reflects either ureteric and/or vesical blood 
clot and can be relieved by simple measures such as 
bladder irrigation. Obstruction thereafter may repre- 
sent a distal ureteric stenosis, external compression of 
the ureter, for example by a lymphocele, abscess, or 
hematoma. If warranted, such collections can be 
drained percutaneously, either as a temporary or per- 
manent procedure. In patients with suspected ureteric 
stenosis, a nephrostomy followed by contrast nephro- 
stogram is normally performed. Depending on a num- 
ber of circumstances, either reoperation or percutane- 
ous stenting and monitoring of renal function are nor- 
mally the treatment options. 

Although hydronephrosis can be easily documented 
with ultrasound, it is important that this appearance is 
interpreted in conjunction with the biochemical data. 
Hydronephrosis should also be considered as a cause of 
an elevated PI or RI in the early transplant period. 


Early Complications 


Fig.5.7 Spectral Doppler wave- 
forms from two different patients 
both of whom had graft tender- 
ness and absent urine output in 
the early postoperative period. 
Both show reverse diastolic flow 
(arrows), the upper waveform (a) 
sampled from an intrarenal artery 
and (b) from the main renal ar- 
tery. In both cases there was, in 
addition, no detectable venous 
flow in either the kidney or 
transplant vein and the features 
were all in keeping with renal vein 
thrombosis. A graft nephrectomy 
was performed in both cases 
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E Hemorrhage 


Hemorrhage can occur either from the transplant kid- 
ney or the wound site. It is normally easily detected 
with ultrasound and is self-limiting. Intervention may 
be required to identify any bleeding point and subse- 
quent hematoma. Overall, catastrophic hemorrhage is 
rare and is generally a consequence of either rupture or 
anastomotic breakdown. This is most likely when there 
is an associated deep wound infection or postbiopsy 
hemorrhage. 


E Urinary Leak 


Urinary leak may occur in up to 6% of renal transplant 
patients” and is due to disruption or breakdown of the 
vesicoureteric anastomosis or necrosis of the distal ure- 
ter. Symptoms may include increasing abdominal pain, 
reduction in urine output, and occasionally urine leak- 
age from the wound site. Ultrasound may demonstrate 
a new collection (Fig. 5.8), whereas a cystogram may 
show a bladder leak. Occasionally an isotope study may 
be helpful. Treatment is traditionally surgical repair, 
although a temporizing nephrostomy may be useful in 
certain clinical scenarios. 


E] Posttransplantation Collections 


A number of these may occur in the posttransplantation 
period and include abscess, hematoma, lymphocele, 
and urinoma. Ultrasound can identify all but cannot 
differentiate between these four entities. The presence 
of solid echoes may be seen more frequently in some 
than in others, but normally clinical findings in con- 
junction with the ultrasound appearances allow the 
likely nature of the collection to be recognized. If doubt 
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Fig. 5.8 Longitudinal scan of a large cystic collection just supe- 
rior and anterior to the bladder. An 8F pigtail catheter was 
inserted and can be easily identified (arrows) within the col- 
lection. Analysis of the drainage fluid showed this to be urine, 
confirming the collection was a urinoma 
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Fig.5.9 A 4-year-old well-functioning transplant kidney. A 
peritransplant collection (arrows) had been noticed on multiple 
routine scans and was unchanged over a number of years. This 
was partially septated and presumed to be a lymphocele. The 
patient was asymptomatic and therefore no treatment was 
indicated 


persists, however, and a definitive diagnosis is required, 
then this normally requires aspiration with or without 
formal drainage. 

The most common collection is a lymphocele with 
an incidence of 0.6-18% (Fig.5.9). Although various 
sclerosants have been instilled at an attempt at cure 
in the past, with mixed success, the recognized treat- 
ment is now laparoscopic marsupialization, which is 
both safe and effective.4*4° 


a Cyclosporine and Tarcolimus Toxicity 
Both agents are calcineurin inhibitors, their use repre- 


senting a major advance in organ transplantation. Un- 
fortunately, however, both are nephrotoxic and pro- 


duce a reversible renovascular constriction acutely 
and an interstitial fibrosis chronically.°° As a conse- 
quence, this may delay recovery from ATN and indeed 
may induce irreversible damage to the transplant kid- 
ney itself. Furthermore, the diagnosis of nephrotoxicity 
in the setting of a nonfunctioning graft is notoriously 
difficult and many avoid the use of such drugs if possi- 
ble. Serum drug levels and renal biopsy are traditional 
but imperfect methods of diagnosis and ultrasound in 
general terms is unhelpful as these agents do not pro- 
duce any significant change in diastolic flow,”! although 
occasionally a reduction in flow has been recorded. 


E Infection 


Transplant patients are subject to a number of infec- 
tions in the early postoperative period, including those 
of the chest, wound, and urinary tract. Wound infec- 
tions are likely to be due to Staphylococcus, whereas 
urinary catheters and reflux predispose to urinary tract 
infection (UTI). The latter may cause a deterioration in 
renal function, which on occasion is indistinguishable 
from acute rejection, and it is not unknown for pyelo- 
nephritis to be diagnosed on transplant biopsy for sus- 
pected acute rejection. Ultrasound has little or no role 
in the diagnosis of infection, although it is important to 
remember that infection can adversely affect the PI or 
RI ratio. 


Summary points: 

e 10-30% of patients require dialysis for ATN following 
transplantation 
Up to 40% of patients develop acute rejection fol- 
lowing transplantation 
Color Doppler is necessary for graft monitoring; 
a PI < 1.5 or RI < 0.7 is normal 


Vascular occlusions, ureteric obstruction, collec 
tions, and infection can all elevate the PI and RI 
Arterial and venous occlusions carry a poor prog- 
nosis and often result in transplant nephrectomy 
Most transplant collections are benign; drainage is 
only performed when appropriate 

Cyclosporin toxicity has no effect on Doppler indices 


[= Late Complications 


As previously mentioned, ischemia can affect the lower 
aspect of the transplant ureter with secondary stricture 
formation, hydronephrosis, and deterioration in func- 
tion. This is related to the surgical technique, which 
sheds the lower two thirds of the vascular supply to 
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Fig. 5.10 a Color Doppler scan of the transplant artery (arrows) 
at its origin from the external iliac artery (thick arrow). The 
change in direction of flow within the transplant artery is easily 
appreciated. The external iliac vein (arrowhead) is also clearly 


the ureter, the main supply in the transplant being the 
transplant renal artery itself. An overlong ureter, there- 
fore, is at risk of an ischemic-related stenosis at its 
lower end. This complication may progress insidiously 
with a deterioration in overall renal function as a late 
event. Routine ultrasonic screening is therefore per- 
formed to detect this process as early as possible before 
permanent, severe renal damage results. 


Transplant Artery Stenosis 


Transplant artery stenosis occurs in up to 10% of pa- 
tients.>” Clinical suspicion is aroused in patients who 
have hypertension that is resistant to traditional ther- 
apy, deterioration in renal function, a combination of 
both, or a reduction in renal function following angio- 
tensin-converting enzyme (ACE) inhibitor therapy. Pre- 
disposing factors include renal donor arteriosclerosis 
and small pediatric renal donors to adult patients. 
Opinions vary as to the best diagnostic test and advo- 
cates exist for isotope renography, angiography, MR 
imaging, and ultrasonography.??->° As in most situa- 
tions the eventual choice will depend on local expertise 
and the availability of technology. We currently use 
color Doppler ultrasound as a first-line imaging test 
and if this confirms the stenosis, then angiography is 
performed with a view to percutaneous angioplasty 
and/or stenting, after appropriate clinical discussion. 
Color Doppler ultrasound of the transplant renal 
artery is notoriously difficult due to the numerous 
twists and turns that the vessel may make on its route 
from the iliac artery to the renal hilum. This therefore 
requires accurate angle correction for precise spectral 
Doppler quantification and an awareness that it may be 
difficult to distinguish a focal stenosis from renal artery 


Late Complications 
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visualized and differentiated due to the color-coding. b Power 
Doppler scan of the same area as in Fig. 5.10a with exactly the 
same labeling for comparison. There is no sense of flow direc 
tion and vessel identification is harder as a consequence 


tortuosity. This is a potential pitfall of the technique, as 
the latter may also alter local hemodynamics and peak 
systolic velocity (PSV) readings. Although power Dopp- 
ler elegantly demonstrates the twists and turns slightly 
better than conventional color Doppler flow, a stenosis 
can be masked using the power Doppler technique and 
therefore color Doppler is the preferred option 
(Fig. 5.10). 

Any examination of the transplant renal artery must 
include the proximal iliac artery, as a stenosis in this 
area may also contribute to a reduction in renal func- 
tion (Fig.5.11).°° It is fair to say, however, that the 
majority of lesions occur at or close to the surgical 
anastomosis and produce an area of aliasing on color 
flow imaging (Fig.5.12a) which is indicative of high 
velocity. A PSV > 2.5 ms"! within the transplant artery 
is diagnostic of a transplant artery stenosis (Fig. 5. 
12b).°4 We have found this value to be accurate in our 
center. However, other workers have found 2.0 ms"! and 
3.0 ms"! to be better discriminators.°”°* Clearly the 
exact level may depend upon many factors and it is 
important to use whichever is appropriate locally. 

Secondary findings, including downstream turbu- 
lence, spectral broadening, and flow reversal, are all 
seen distal to the primary stenotic site and add both 
weight and confidence to the primary diagnostic find- 
ings. Due to its superficial position and relative ease of 
examination, the transplant artery can almost invari- 
ably be identified in all patients and therefore reliance 
on secondary downstream effects, including the parvus 
tardus effect within the intrarenal vasculature 
(Fig.5.12c) as an aid to diagnosis, is less important 
than in the native kidney.*4 Intrarenal branch stenoses 
are also known to occur and are difficult to diagnosis 
not only with ultrasound but also with angiography. 
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Fig. 5.11 It is important to examine the iliac artery proximal to 
the origin of the transplant kidney, as iliac disease (stenosis or 
occlusion) can influence the transplant artery waveforms. Fur- 
thermore, it may cause a reduction in renal function. This 
scenario is well-demonstrated in the spectral Doppler wave- 
forms (a), (b), and (c). A normal Doppler trace (a) has been 
shown for reference. In (b) a low- amplitude monophasic wave- 
form was noted throughout the iliac artery, transplant artery, 
and intrarenal vessels (c), this all being secondary to proximal 
iliac disease 
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It is difficult to know which patients to treat with 
angioplasty and/or stenting, and which simply to ob- 
serve and treat conservatively. Any intervention must 
be clinically justified, as many of these patients remain 
clinically stable or even improve over time. Indeed it 
has also been shown that the majority of these lesions 
are stable and nonprogressive.°° 

Color Doppler ultrasound not only has a role in the 
detection of disease but also in the monitoring of such 
patients and in the detection of disease recurrence in 
those patients previously treated with angioplasty and/ 
or stenting. Both the intrarenal RI and PSV in the trans- 
plant artery have been shown to be effective in the 
detection of recurrence.°° However, at our center the 
preferred measurement is the latter. 


E Arteriovenous Fistulae 


Arteriovenous fistulae (AVFs) can result from previous 
transplant biopsy and have an incidence of approxi- 
mately 1-2%. Most are generally of little clinical signifi- 
cance and resolve spontaneously, as reflected in one 
study recording an incidence of 10% following biopsy 
with all but one resolving on follow-up scans,®! whilst 
in another the incidence was 16.7% with 75% closing 
within one month and 25% (three patients) persisting 
longer than one year.®” Those that remain and persist 
normally give rise to a spectacular and pathopneu- 
monic color flow appearance. AVFs have been consid- 
ered as a cause of both hypertension and impaired renal 
function. However, none of these scenarios is common. 
In practice these lesions are often simply observed and 
radiological intervention only considered if a fistula is 
actively bleeding or significantly increasing in size, pro- 
ducing a “steal syndrome” from the kidney, as in both 
these scenarios the benefits of embolization would be 
considered to outweigh those of inactivity. 

Ultrasonic appearances of an AVF include a focal pool 
of color flow containing both arterial and venous com- 
ponents on spectral Doppler analysis. This can often be 
differentiated from “high flow” in other parts of the 


Fig.5.12 a Color Doppler image at the origin of the trans- 
plant renal artery, demonstrating an area of aliasing (arrow) 
within the proximal transplant artery, with normal laminar flow 
within the iliac artery (thick arrow). The aliasing was focal, 
isolated, and the color velocity scale was set high. The appear- 
ances are therefore those of a transplant artery stenosis. b The 
spectral Doppler waveform through this area of aliasing in the 
transplant artery showed a markedly elevated PSV of 4.00 ms"! 
and spectral broadening, all features of an RAS. c The spectral 
Doppler waveform from an intrarenal vessel in the same pa- 
tient shows the parvus tardus effect, indicative of a more 
proximal stenosing lesion 


Fig. 5.13 a Color flow image of a 13-year-old transplant kidney 
demonstrates a focal pool of high flow (arrow); the velocity 
scale is set at a low level and a paucity of normal vessels can be 
visualized. The appearances are highly suggestive of an AVF. 


transplant kidney by increasing the pulse repetition 
frequency (PRF) to a level that results in nonvisualiza- 
tion of normal intrarenal vasculature with only the 
pathological flow within the fistula being observed. 
This simple maneuver in itself is almost diagnostic 
(Fig. 5.13). In addition to the above, spectral analysis of 
the arterial waveform shows increased systolic and 
diastolic flow within the affected area and as a result 
the PI or RI will remain normal or be slightly reduced in 
comparison with that of the surrounding vessels.’ Ve- 
nous flow can be normal or turbulent, and a large drain- 
ing vein may also be visualized. 


Cyclosporine and Tacrolimus Toxicity 


Cyclosporine and Tacrolimus toxicity has been previ- 
ously discussed and the toxic effects of both of these 
drugs upon renal function is well-recognized. As such it 
may lead to a progressive deterioration in function 
which can be difficult to differentiate from chronic 
rejection and often a therapeutic trial of dose reduction 
or conversion to an alternative immunosuppressive 
agent may be required. Following this maneuver a 
small but significant number of patients will respond 
positively. 


A Rejection 
Acute Rejection 


Acute rejection is an unusual late complication. If 
present then noncompliance with drug therapy should 
be considered. Diagnosis and treatment are as previ- 
ously discussed. 


Late Complications 


b Same patient as in Fig. 5.13a. However, this time the veloc 
ity scale has been significantly increased. The normal vessels 
are no longer visualized and only the pathological high flow of 
the AVF persists. These appearances are diagnostic of an AVF 


Chronic Rejection 


Chronic rejection is a gradual deterioration in graft 
function beginning at least three months following 
transplantation in association with the biopsy appear- 
ances of fibrous intimal thickening, interstitial fibrosis, 
and tubular atrophy. Previous episodes of acute rejec- 
tion are the most consistent predisposing factors. No 
effective treatment exists, and as such all efforts are 
concentrated toward preventing episodes of acute re- 
jection as a method of reducing chronic rejection. Ultra- 
sonic features have been previously described and in- 
clude increased transplant echogenicity and a reduc- 
tion in the normal number of intrarenal vessels. These 
signs, however, are of minimal prognostic significance 
and the role of ultrasound is limited in diagnosis 
(Fig. 5.14). 


m Urinary Tract Infection 

Asymptomatic bacteriuria is common and has a good 
prognosis. Symptomatic infections are also common 
and can cause pyuria, pyelonephritis (Fig. 5.15), and a 
temporary reduction in renal function. Repeated infec- 
tions may lead to an underlying structural abnormality, 
such as calculi (Fig. 5.16), obstruction, or reflux. Chronic, 
repeated infections may occasionally lead to malaco- 
plakia. 
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Fig. 5.14 a Color flow image of a 15-year-old transplant kidney 
with a paucity of intrarenal vessels. Renal function was good. 
b Color flow image of a 13-year-old transplant kidney. Renal 


Summary points: 
The lower end of the transplant ureter is at risk of an 
ischemia-related stricture 
Transplant artery stenosis occurs in up to 10% of 
patients 
The PSV in the transplant renal artery is the best 
measurement for the detection of RAS. Cut-off val- 
ues vary between 2.0 and 3.0 ms". In our institution 
the cut-off value is 2.5 ms”! 
AVFs have an incidence of 1-2%. The vast majority 
are benign but ultrasonically interesting. Vascular 
steal is uncommon 
Chronic rejection is a diagnosis of exclusion for 
which there is no effective treatment 
Long-term risk factors are related to cardiovascular 
disease, infection, and the risk of malignancy 


Long-Term Complications 


Many forms of glomerulonephritis may cause recurrent 
disease in the transplant kidney, although early recur- 
rence in graft failure is rare. Recurrent disease is more 
commonly encountered in long-term recipients with 
diabetes mellitus, amyloidosis, and cystinosis. In those 
patients with oxalosis and active vasculitis, disease re- 
currence and renal damage are more common in the 
earlier stages following transplantation.®* Ultrasound 
has no specific role apart from excluding the treatable 
causes of reduced renal function, which have been 
previously discussed. 


Res. Ind. (Renal ) 
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perfusion is clearly better with good demonstration of small 
vessels to the periphery of the cortex. Renal function was 
similar to the patient in Fig.5.14a 


Fig. 5.15 Longitudinal image of a 15-year-old transplant kid- 
ney in a patient with multiple recent and recurrent UTIs. This 
demonstrated a focal hypoechoic area within the kidney (ar- 
rows). Flow was noted on color Doppler within it. The appear- 
ances were suspicious of tumor and the lesion was biopsied. 
Histology showed an area of focal pyelonephritis 


Other Complications 


Increased morbidity and mortality following renal 
transplantation is normally due either to cardiovascular 
disease, malignancy, or infections secondary to immu- 
nosuppression. Cardiovascular risk factors include hy- 
pertension, left ventricular hypertrophy, and altered 
liver profile. As yet, no specific targeting of these areas 
has provided any survival improvement. 

In contrast, the incidence of infection has been sig- 
nificantly reduced with improvements in immunosup- 
pression, by improved targeting of these agents, and an 
increased awareness of the types of infection that may 
occur. 


The most common malignancies following trans- 
plantation are skin-related, cervical cancer, and non- 
Hodgkin lymphoma (Fig.5.17). It is therefore obvious 
that careful supervision of the transplant population is 
required and it is hoped that earlier diagnosis may result 
in improved prognosis for each of these disorders.°° 


Combined Renal and Pancreas 
Transplant® 


A detailed description of combined organ transplanta- 
tion is beyond the scope of this book. In essence, how- 
ever, as for the kidney, patient selection is crucial and 
depends upon a multidisciplinary pretransplant evalu- 
ation team. A successful outcome will restore blood 
glucose levels to normal, improve neuropathy in most 
patients, and prevent the recurrence of diabetic ne- 
phropathy in the new kidney. It may prevent the sec- 
ondary complications of diabetes, but the effect on 
established lesions is not clear. 

The standard surgical technique is that endocrine 
drainage of the pancreas is to the systemic venous 
system, i.e. the iliac vein and the exocrine drainage to 
the bladder. This is gradually being replaced by endo- 
crine drainage to the portal system and enteric drain- 
age of the exocrine. The transplanted kidney is dealt 
with by the standard surgical techniques. 

Vascular complications are the most common and 
occur in 12% of cases, 5% being arterial and 7% venous. 
Other complications include rejection, infection, and 
allograft pancreatitis. 

The overall survival of a combined pancreatic and 
renal transplant is 83.6%, 72.9% and 65.5% at one, three 
and five years, respectively.” 
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Fig. 5.16 A group of three small calculi, one with distal acous- 
tic shadowing (arrow) is seen at the lower pole of the trans- 
plant kidney 


Fig.5.17 a A chronic nonfunctioning transplant kidney with 
extensive internal calcification and distal acoustic shadowing 
akin to autonephrectomy. b Same patient as in Fig.5.17a. 
The patient presented with hematuria. It is not only important 
to check the transplant kidney(s) in this situation but also the 
native kidneys. A scan of the right kidney showed a renal 
tumor (arrows) accounting for his symptomatology 
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6 Radiological Intervention in the Urogenital Tract 
(Including Trauma and Emergencies) 


P. M. Scott, J. G. Moss 


Ma Principles of Ultrasound- Guided 
Procedures 


E Probe Selection and Preparation 


Generally a 3-5 MHz curvilinear or sector probe will be 
used in renal intervention. Higher frequencies of 
5-7.5 MHz are normally reserved for superficial struc- 
tures such as the transplant kidney. The sector probe 
provides some advantages: The probe has a smaller 
footprint and thus allows slightly more flexibility in 
initial needle positioning on the skin surface. 

The probe should be cleaned and then placed in one 
of the proprietary sterile probe covers with some gel. 
The gel within the cover need not be sterile. Care should 
be taken to achieve good apposition of probe cover to 
probe head. Any bubbles within the jelly under the 
cover should be “smoothed” off the probe head, as 
they degrade image quality. Sterile jelly is used be- 
tween patient and sterile probe cover. 

The skin is cleaned and draped. A bleb of local anaes- 
thetic is raised at the preferred point of needle entry, 
which is chosen after initial scanning. It is important to 
eliminate any bubbles in the anaesthetic, as injecting 
these in the soft tissues may completely obscure sub- 
sequent attempts to guide the needle. 


Fig. 6.1 Ultrasound- guided internal jugular vein puncture. 
The machine is placed opposite the operator in the direct line 
of sight, allowing the operator to see the machine without 
turning his or her head. This is an important general principle in 
ultrasound- guided procedures 


= Machine Placement 


If possible, the ultrasound machine should be placed 
with the screen directly opposite the operator; often 
this means on the opposite side of the table. Constant 
straining of the neck to see an incorrectly positioned 
monitor makes the procedure much more difficult 
(Fig. 6.1). 


m Needle Guidance 


The first principle in ultrasonic needle guidance is the 
need to be able to visualize the target clearly. If this is 
not possible, alternative image-guidance will be neces- 
sary. Generally the operator will obtain a good gray- 
scale image of the target with the dominant hand ini- 
tially. The transducer can then be transferred to the 
other hand and the needle then guided with the dom- 
inant hand. 

Only once the target is well-visualized can needle 
introduction commence. Usually the local anaesthetic 
needle will be guided initially. The most crucial aspect 
of the technique relates to orienting the needle in pre- 
cisely the same plane as the long axis of the ultrasound 
probe. Any deviation will result in loss of visualization 
of the needle (Fig. 6.2). 


z Troubleshooting 


If the needle is “lost” after initial advancement, some 
specific maneuvers can occasionally help. Very gentle 
“fore and aft” movement of the transducer in the plane 
of the needle can sometimes bring it back into view. 
Occasionally very gentle angulation can also help. The 
target must, however, remain in view after these probe 
adjustments. A gentle vibration of the needle hub up 
and down can help by agitating tissue just around the 
needle, allowing minute adjustments of the probe to 
bring the needle fully into plane. Often the echogenic 
bright tip of the needle is the best-seen section. 

When these adjustments fail to bring a needle back 
into view it is best to recommence with a fresh “line- 
up” rather than risk inadvertent malpositioning. 


Some operators prefer to use one of the proprietary 
needle-guide systems available. These affix directly to 
the head of the ultrasound probe. Once in place, with 
the probe on the skin surface, the machine software 
marks the track the needle will take directly onto the 
screen, usually via a dotted line. Thus with the target 
visualized the probe can be manipulated until the tar- 
get lies directly in the needle path. The needle then only 
needs to be advanced as far as the desired target. 

Finally, echogenic needles are available. These are 
coated with a variety of substrates, which allow in- 
creased visualization, usually polymer coatings, that 
cause adherence of air bubbles thus increasing needle 
conspicuity. 


Summary points: 

e A 3-5 MHz curvilinear or sector probe is most fre- 
quently used 
Preparation is vital: ideally place the machine screen 
opposite you 


Good visualization of the target and pathway is 
essential 

The needle must be “in-plane” with the ultrasound 
probe 

If you are struggling, despite adjustment, stop. 
Remove the needle and try again 


© Patient Preparation: 
General Principles 


E Consent 


Informed consent prior to the procedure is vital. Every 
effort should be made to obtain consent away from the 
procedure room when there is time for a proper ex- 
planation of the procedure and its attendant risks. 


E Antibiotic Prophylaxis 


The majority of interventional radiologists use broad- 
spectrum prophylactic antibiotics prior to urogenital 
intervention.' 

In nephrostomy there is certainly evidence that pa- 
tients benefit from prophylaxis, with high-risk patients 
(urinary stones, positive urine culture, or urinary 
stoma) benefiting the most.” Use of prophylaxis is also 
warranted in the drainage of infected abdominal col- 
lections, although generally these patients will already 
be receiving intravenous antibiotics. In radiofrequency 
ablation antibiotics have not been routinely used.2~° 


Patient Preparation: General Principles 


Fig.6.2 Several important points regarding ultrasound 
needle guidance. Firstly, the area has been cleaned, covered 
with sterile drapes, and the skin infiltrated with local anaes- 
thetic. Importantly, the needle is aligned such that it bisects 
the long axis of the probe. This is crucial for needle visualization 


The choice of antibiotic is usually a broad-spectrum 
cephalosporin, although culture of drainage fluid will 
supply more specific information. In those patients 
with a penicillin allergy, discussion with the local bac- 
teriology service may be helpful in choosing an alter- 
native antibiotic to cover the procedure. 


E Coagulopathy 


A routine full blood count and coagulation screen is not 
required. However, it should be carried out in some 
groups, specifically in patients with renal or hepatic 
impairment, those on anticoagulants, and those with 
a known coagulopathy. Acceptable limits are consid- 
ered to be a prothrombin time of < 1.5 times the labo- 
ratory control (also known as the international normal- 
ized ratio [INR]) and an activated partial thromboplas- 
tin time (APTT) of < 1.5 times the control. Finally, the 
platelet count should be > 50 x 10° per liter. 

Fresh frozen plasma (FFP) can be used to correct a 
raised prothrombin time if the INR is > 1.5. Usually four 
units are given intravenously if the INR is between 1.5 
and 3.0, with the last unit running during the proce- 
dure. Alternatively, intravenous vitamin K can be used 
in less urgent cases. 

If the patient is on intravenous heparin, this should 
be withheld for three hours and the APTT measured. 
Heparin has a half-life of 60 minutes. Platelets should 
be administered again during the procedure for low 
counts of < 50 x 10° per liter. 
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Fig.6.3 Commonly-used pharmacotherapy in urogenital 
intervention. In the top row the short-acting benzodiazepine 
midazolam is seen on the right, with its reversal agent fluma- 
zenil. In the lower row, diamorphine, on the right, lies next to 
the opiod antagonist naloxone. Finally, the most commonly 
used third-generation cephalosporin antibiotic, cefuroxime, is 
shown bottom left 


Fig. 6.4 Patients should receive careful monitoring. This is 
particularly important when any form of conscious sedation is 
used. Minimum acceptable monitoring should include ECG 
(upper trace in image), pulse oximetry (lower trace), and 
regular blood pressure measurements 


Elevated Blood Pressure 


A blood pressure above that acceptable for angiography 
(180 mmHg) should be avoided. In practice these are 
often controlled simply by using analgesia and seda- 
tion. 


Sedation and Analgesia 


Most practitioners use a combination of short-acting 
opiod analgesia and benzodiazepine. Common candi- 
dates include fentanyl or diamorphine and midazolam. 
Commonly combinations of 50-100 ug of fentanyl or 


1-5 mg diamorphine and 1-10 mg of midazolam are 
used. These drugs act synergistically and can produce 
hypoxemia and apnoea. Their action is also potenti- 
ated in renal failure, so cautious use with small incre- 
mental boluses is advisable (Fig. 6.3). 

In addition, the patient must be adequately moni- 
tored with pulse oximetry, electrocardiography (ECG), 
and regular blood-pressure measurements. A nurse or 
operating department assistant must be available for 
this dedicated purpose.’ In addition, the reversal agents 
for opiod (naloxone) and the reversal agent for benzo- 
diazepines (flumazenil) should be available (Fig. 6.4). 


Skin Preparation 


Finally, the area should be cleaned with povodine io- 
dine solution and sterile drapes applied. The skin 
should be anaesthetized and anaesthetic infiltrated 
into the intended subcutaneous track. Usually 
10-15 mL of 1% lignocaine is sufficient. The maximum 
recommended dose is 3 mg/kg, up to a maximum of 
200 mg.8 


Nephrostomy 


Percutaneous nephrostomy (PCN) is now a long-estab- 
lished and often-performed procedure, having been 
first described in 1955 by Goodwin et al.° 

The following section will describe current indica- 
tions for nephrostomy, relevant anatomy, a description 
of the standard technique with variations, follow-up 
care of patients, and a brief review of complications 
and their management. 


Indications 


There are three main categories of indication for neph- 
rostomy: 

e Ureteric obstruction 

e Urinary leak 

e To allow percutaneous nephrolithotomy (PCNL) 


Nephrostomy is rarely required as an emergency pro- 
cedure. The single definite indication for an urgent 
nephrostomy is the presence of infection within an 
obstructed kidney. In this scenario, irreversible renal 
damage can occur within six hours. Hyperkalemia 
(> 6.0 mmlo/L) is also an indication for a relatively ur- 
gent nephrostomy. However, there are medical maneu- 
vers which can reduce the level of hyperkalemia tem- 
porarily. Indeed, it is desirable to have the serum po- 
tassium level normalized before proceeding, as hyper- 


kalemia during the procedure can produce cardiac dys- 
rhythmias. 

Nephrostomy is an invasive procedure. In a survey of 
303 patients undergoing nephrostomy, Farrell et al.'° 
described a 30-day mortality rate of 3.1% and overall 
complication rate of 6.5%. 

Given these potential complications, most practi- 
tioners would agree that percutaneous drainage should 
only be attempted for obstruction if retrograde stent 
placement is not feasible." 

Malignant obstruction is a common indication for 
nephrostomy, comprising up to 61% of patients in the 
series of Farrell et al.!° Average survival following neph- 
rostomy with or without stenting in this cohort was 
found to be five months.!” 

With these difficulties in mind it is important that 
referrals for percutaneous drainage due to malignant 
obstruction are appropriate. These facts should also 
have been discussed with the patient and patient’s 
relatives. In general it is better to avoid placement in 
the first instance for unsuitable candidates. Specifically 
placement of a nephrostomy in those with end-stage 
malignancy may be inappropriate and should not be 
performed without consultation with the senior refer- 
ring clinician first.” 


E Technique 
Anatomy 


The main anatomical feature guiding PCN relates to 
renal blood supply. The large renal vessels lie centrally 
and therefore a central puncture should be avoided. 

The main renal arteries divide at the renal hilum into 
ventral and dorsal branches. The territory subtended 
between these main divisions is sometimes referred to 
as the Brödel bloodless line and lies at the junction of 
anterior two thirds with the posterior third of the kid- 
ney.'* The posterior calyces are oriented in the same 
plane as this relatively avascular region and are there- 
fore the preferred point of entry into the renal collect- 
ing system. Given the orientation of the kidney, this 
means that in a patient lying prone the posterior calyces 
lie roughly at an angle of 20-25° dorsal to the coronal 
plane (Fig. 6.5). 

In general a puncture of a lower pole calyx, below 
the 12th rib, is the safest. This subcostal approach 
avoids the risk of transgression of the pleural space. If 
simple nephrostomy or stenting is the intended end- 
point of the procedure, this approach is ideal. 

PCNL access will sometimes require access from 
above the 12th rib and this is associated with an in- 
creased risk of transgression of the pleural space. 
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Fig. 6.5 Needle passage into the renal collecting system. As 
mentioned, an angle of 25° relative to horizontal (coronal 
plane) is ideal to allow puncture of a posterior calyx. In practice 
this is usually the angle which best allows visualization of the 
kidney during ultrasound scanning 


Guidance 


Different practitioners use different techniques to gain 
access to the renal collecting system. Access can be 
gained using solely ultrasound or fluoroscopy. The 
vast majority of practitioners will choose to use a com- 
bination of ultrasound and fluoroscopic guidance dur- 
ing the procedure, and indeed the Society of Cardiovas- 
cular and Interventional Radiology (SCVIR) guidelines 
specify that a high-resolution fluoroscopy unit should 
be available. Computed tomography (CT) guidance is 
usually reserved for technically difficult procedures and 
is rarely required. 
The use of ultrasound with fluoroscopy rather than 
fluoroscopy alone has several advantages: 
e The ability to visualize overlying liver, spleen, and 
colon, thus avoiding inadvertent puncture 
e The ability to guide the needle under real-time 
imaging 
e Obviates the need to give iodinated contrast material 
prior to the procedure and reduces the overall ion- 
izing radiation burden 


The advantages of ultrasound were confirmed in a 
study in 1981 in which the use of a combination ap- 
proach compared to fluoroscopy reduced the number 
of needle passes (1.4 vs. 4.1)'° required to perform the 
procedure. 

The technique of PCN will vary according to whether 
the renal collecting system is dilated or not. The initial 
approach will vary depending on this factor. 


The Nondilated System 

Direct calyceal puncture is extremely difficult in this 
group of patients. Puncture of the renal pelvis under 
direct ultrasound control can be performed with a 22- 
gauge Chiba (Neff Set, Cook, Europe) or Accustick nee- 


Nephrology 


Fig. 6.6 Using an 0.018" system for the definitive puncture, 
a transitional dilator system needs to be used to allow 
subsequent conversion to 0.035" diameter wires. This is 
achieved using a three part dilator. The 6.5 Fr outer sheath is 
seen at the skin surface (curved arrow), its tip lying within the 
renal collecting system. The inner metal stiffener and plastic 
dilator are seen being drawn back over the 0.018" wire (straight 
arrow). Once removed an 0.035" wire can be introduced 


dle (Accustick II Introducer System, Boston Scientific/ 
Medi-Tech, France). After aspiration of a small amount 
of urine for culture, the system can be opacified and 
distended with dilute ionic contrast and carbon dioxide 
(CO2). 

The CO, will float on top of the urine in the prone 
patient, preferentially filling the posterior calyces, thus 
allowing calyceal puncture under fluoroscopic control. 
lodinated contrast mixes only slowly with urine and 
often poorly outlines or fails completely to show the 
posterior calyces. CO, is preferred to room air, in case of 
inadvertent vascular injection. 


The Dilated System 
In this more common scenario a posterior calyx can be 
punctured under direct ultrasound control, urine aspi- 
rated for culture, and the system opacified, and then the 
procedure continued under subsequent fluoroscopic 
guidance. 

Definitive access to the posterior calyx in either 
scenario can be achieved using either a Kellet-type 
19-gauge needle, a 22-guage Chiba or Accustick needle. 


Using an 19-Gauge Needle (Kellett-Type Needle) 


Once the needle is in the calyx, the trochar is with- 
drawn. A 0.035” diameter wire can then be passed 
through the outer plastic dilator and coiled in the col- 
lecting system. Usually an intermediate stiffness wire is 
used, for example, a Coons (Cook, Europe) wire. At this 
point the track is dilated to 8 French (Fr) and a locking 
pigtail inserted, coiled, and locked in place. 
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Using a 22-Gauge Needle 


Some operators prefer to perform the definitive punc- 
ture with a 22-gauge Chiba needle. Once within the 
calyx, a platinum-tipped 0.018” wire can be coiled 
within the collecting system. A three-part coaxial “di- 
lator” is then placed over the 0.018” wire. The inner 
metal stiffener and cannula are removed. 

The outer section in this system has a lumen wide 
enough to accept both the 0.018” wire and a 0.035” 
wire. A 0.035” wire is coiled in the collecting system 
along with the 0.018” wire. The outer cannula is care- 
fully removed over both wires, to avoid dislodging the 
wires. The 0.018” wire is either removed or clipped to 
one side as a safety wire. This latter option is useful in 
difficult punctures in order to limit renal trauma. The 
nephrostomy insertion then proceeds as above with 
track dilatation and nephrostomy tube insertion over 
the 0.035” wire. The 0.035” wire is the last item re- 
moved (Fig. 6.6). 

There is no clear evidence to suggest one technique 
is better than the other. One study comparing the two 
showed a reduction in the number of needle passes in 
the 22-gauge (1.7 vs. 2.4) group but no difference in 
hematuria rates or success rates." 

Locking the drainage catheter, once inserted, pro- 
vides improved security. The clinical team must know 
how to unlock it and not to use force if the drain will not 
withdraw on gentle traction when the time comes for 
removal. 

Further fixation with proprietary drain fixation de- 
vices such as the Drain-Fix device (Maersk Medical, UK) 
or Molner disk is essential. Finally, the drainage cathe- 
ter is best placed within a proprietary stoma-type 
drainage system (Convatec, UK), rather than directly 
attached to a bag. This avoids the scenario of inadver- 
tent tube dislodgment due to a heavy drainage bag 
providing traction at one end allied to natural patient 
movement overnight (Fig. 6.7). 


Primary Antegrade Ureteric Stenting 


Ureteric stenting is often performed as a two-stage 
procedure. This may allow the edema following neph- 
rostomy in an obstructed ureter to subside, making 
subsequent stenting easier. With modern catheter and 
guidewire technology, many patients can be success- 
fully stented at the time of nephrostomy. This approach 
was successful in 80% of ureteric obstructions in a 
recent study.'® Emergency patients were not included 
in this study. 

Insertion of an antegrade ureteric stent requires 
manipulation of a wire down the ureter into the blad- 
der. Often a hydrophilic wire of sufficient stiffness will 
be required. Generally a stiff-angled hydrophilic wire 


(Radiofocus, Guidewire M, Terumo Corporation, Tokyo) 
is manipulated together with a Biliary Manipulation 
Catheter (Torcon Blue Catheter, Cook, Europe) The 
angled tips of both wire and catheter allow steerage. 
Generally, even tight stenoses can be crossed by “heli- 
coptering” the wire and gently advancing the tip until it 
passes through any stenoses. The use of a torque device 
to grip the wire is often necessary to gain enough 
purchase on the slippery hydrophilic wire. Opacifica- 
tion of the ureter can be helpful. 

Once the Biliary Manipulation Catheter is confi- 
dently in the bladder, the hydrophilic wire is exchanged 
for a sufficiently stiff wire, for example an Amplatz 
extra or superstiff wire (Amplatz extrastiff/superstiff 
guidewire, Boston Scientific, Medi-Tech, France). 

A peel-away sheath is required at this point to safe- 
guard access to the kidney and reduce friction. The 
sheath chosen should be 1 Fr larger than the intended 
stent size. Usually this means 9 Fr. The tip of the peel- 
away is placed within the collecting system. 

Many of the stents come with a thread passed 
through the proximal draining side holes to allow posi- 
tioning of the stent if the stent is advanced too far. It is 
important to prevent the thread wrapping around ei- 
ther itself or the proximal end of the stent. Failure to do 
this can make retrieving the thread difficult (Fig. 6.8). 

In addition to the thread, the stents have a central 
stiffener and a “pusher” to allow insertion of the prox- 
imal stent into the collecting system. 

The insertion proceeds thus: 

e The stent is inserted until the distal end lies within 
the bladder 

e The guidewire and stiffener are withdrawn to allow 
the distal pigtail to form in the bladder 

e The wire and stiffener are further withdrawn to 
allow the proximal pigtail to start forming in the 
renal pelvis 

e Keeping the pusher apposed to the end of the stent, 
the wire and stiffener are withdrawn to allow the pig 
to fully form. Gentle forward pressure on the pusher 

can aid in helping to fully form this (Fig. 6.9) 


In extremely tight strictures an angioplasty balloon 
may be used to allow sufficient space for passage of 
the stent (Fig. 6.10). 

Ideally, if a stent can be placed without causing 
significant hematuria, then a covering nephrostomy 
will not be needed. This approach should be aimed 
for if possible in appropriate cases. Heavy hematuria 
will preclude this approach. 

The use of a standard 22-cm, 8-Fr double pigtail 
stent in most patients (ureteral stent system, Boston 
Scientific/Medi-Tech, France) is satisfactory. More accu- 
rate length sizing can be achieved with a bent wire 
technique if it is felt this is necessary. With this tech- 
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Fig.6.7 Stoma bag with nephrostomy. The nephrostomy is 
retained with a Molner disk (straight arrow) sutured to the skin. 
The nephrostomy drains into a standard “stoma” bag that is 
not attached to the nephrostomy but to the skin (curved 
arrow). This minimizes the risk of inadvertent nephrostomy 


removal 
$ 


Fig. 6.8 Ureteric stent with retraction suture. The majority 
of stents come with a “thread” (arrow) through the upper 
pigtail to allow retraction during placement. These need to 
be untangled on insertion to facilitate easy removal at the end 
of the procedure 


nique, a guidewire is passed with its tip at the point 
where you wish the distal end of the stent to lie. The 
wire is bent at the skin surface. The wire is then with- 
drawn until the tip lies where you wish the proximal 
end of the stent to lie, and bent again at the skin surface. 
The distance between the two kinks can be measured 
with a ruler to allow accurate sizing. This is rarely, if 
ever, required. 


Nephrology 


Fig.6.11 Shorter transplant stent (bifurcated arrow) with 
ethilon suture (straight arrow) and pusher ( curved arrow). 
(From: Moss JG, Edwards R. Interventional Radiology and the 
Transplant Kidney. In: Ultrasound of Abdominal Transplanta- 
tion. Stuttgart. New York: Thieme:2002:58. Reprinted by per- 
mission) 
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Fig. 6.9 Stages of a ureteric 
stent insertion. a Proximal ure- 
teric stricture (straight arrow). 
b Hydrophilic wire manipulated 
past stricture (straight arrow). 

c Wire passed down into and 
through bladder, after snaring. 
Note left-sided stent already in 
situ (straight arrow) and sterili- 
zation clips (curved arrow). 

d Distal stent curled in bladder 
(straight arrow) after removal of 
wire and stiffener 


Fig.6.10 Tight twin transplant 
ureteric stricture (circled). 

An angioplasty balloon (arrow) to 
open the strictures enough to 
allow subsequent passage of a 
ureteric stent. (From: Moss JG, 
Edwards R. Interventional Radi- 
ology and the Transplant Kidney. 
In: Ultrasound of Abdominal 
Transplantation. Stuttgart. New 
York: Thieme:2002:57. Reprinted 
by permission) 


EE Transplant Kidneys 


A few specific features pertinent to transplant kidneys 
should be mentioned. In particular the operator should 
be aware of the very high value of the transplant kidney 
to the renal patient. The patient must be aware of the 
risks to the transplant kidney, as well as the benefits, of 
any procedures. A team approach involving transplant 
surgeon, nephrologist, and interventional radiologist is 
best suited in the decision-making process. 

It is important in the transplant to choose an appro- 
priate calyx for puncture in apposition to help minimize 
the radiation dose to the operator’s hand, avoiding scar 
tissue, and to facilitate easy stent insertion if this is 
required. Direct renal pelvis puncture should be avoided. 

Specific transplant stents are available and should be 
used. They are shorter and generally of a slightly 
smaller caliber. Again, primary stenting is desirable if 
possible. These transplant stents come without at- 
tached threads. This can be added by using a length of 
ethilon suture as shown (Fig. 6.11). 


E Follow-up 


Immediate follow-up of patients who have had a neph- 
rostomy should include a period of close observation 
for 8-12 hours. The drainage bag should also be in- 
spected regularly to detect heavy hematuria or frank 
bleeding, as well as to avoid early tube blockage. It is 
worth providing the ward with a printed form with 
instructions on observation frequency, instructions on 
how and when to flush the catheter, an explanation of 
the locking mechanism, and a contact number in the 
radiology department. 

Those patients with a significant infection burden 
prior to the procedure are best managed in an inter- 
mediate/high-dependency nursing unit, as subsequent 
decompensation can be rapid. Communication directly 
with the nursing and medical staff is useful in the 
management of problems. 

Long-term nephrostomy should be avoided if at all 
possible. If a ureteric stent is impossible to place or 
continually malfunctions, a subcutaneous extra-ana- 
tomical stent should be considered. 


E Complications 


The SCVIR has developed and published a set of quality 
guidelines regarding complications from nephrostomy; 
these include threshold rates above which your tech- 
nique should be re-examined." 

98-99% technical success 

e Hemorrhage in < 4% of cases 

e Hemorrhage requiring embolization < 1% of cases 

e Pleural transgression/nontarget organ puncture 0.1% 


Tackling hemorrhage following nephrostomy can re- 
quire a variety of techniques depending on the clinical 
scenario. Bleeding from the tract can often be stopped 
by insertion of a tube at least 2 Fr sizes larger.’ Hem- 
orrhage caused by segmental artery injury sometimes 
requires angiography and selective embolization. 

Nephrostomy catheter dislodgment and blockage 
are both complications that can occur following tube 
insertion. Primary stenting when possible will remove 
these problems. 

If a nephrostomy is dislodged, often a hydrophilic 
guidewire can be manipulated along the track into the 
collecting system. The chance of success diminishes 
with short initial dwell times. 

Blocked nephrostomy tubes can be managed by slid- 
ing a peel-away sheath over the catheter into the col- 
lecting system and then exchanging for a fresh pigtail. 
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Summary points: 
Is the nephrostomy necessary? 
Has a urologist seen the patient? Is a retrograde 
approach really impossible? 
Very few nephrostomies need to be performed 


out of hours 

Make sure you have the necessary support staff 
and equipment 

Remember preassessment and postprocedure 
care are vital 
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Drainage of Perinephric Collections 


In the transplant kidney a number of different fluid 
collections can accumulate, including: 


Hematoma 

Seroma 
Lymphocele 
Urinary collections 
Infected collections 


Small hematomas, seromas, and lymphoceles are com- 
mon postoperatively and generally do not require 
drainage unless they compromise graft function or 
cause significant symptoms. Most often these collec- 
tions can be managed expectantly with serial ultra- 
sound and clinical follow-up. 


Enlarging collections which cause obstruction or in- 


fected collections will require drainage. Either Sel- 
dinger or “single-stab” drains can be used. Due to the 
close proximity to the kidney many operators will feel 
safer using the Seldinger approach. 


A sufficiently large bore drain is required in viscous 


collections, usually 12-16 Fr and sometimes more than 
one drain if the collection is septated. 


Special mention should be made of urine leaks. 


These most commonly occur due to anastomotic break- 
down. Early leaks will generally be accompanied by 
pain, swelling, or fluid leak through the scar. Confirma- 
tion can be performed via isotope scanning, which will 
show isotope outside the collecting system or ureter. 
Lymphoceles too can be difficult to manage. If persis- 
tent, they can require instillation of ethanol into the 
cavity or surgical marsupialization. 


In the native kidney, percutaneous drainage is usu- 


ally reserved for infected perinephric or intrarenal col- 
lections. Confirmation using contrast-enhanced com- 
puted tomography (CECT) is useful. 


The dimensions of these collections is important, 


with some evidence suggesting that collections of 
<3-5cm can be managed with intensive antibiotic 


therapy alone.” Ultimately, the clinical status of the 
patient will help determine which approach to take. 
The previously detailed points regarding drain size 
and approach are relevant. 


m Follow-up 


Aftercare is important. Immediate follow-up is as for a 
nephrostomy. In addition, the drain should be flushed 
with 5 mL of saline every six hours following insertion. 
This will maintain side-hole patency. A contrast study 
should also be performed prior to removal to exclude 
fistulous connections and to confirm shrinkage of the 
cavity space. Prior to removal a repeat ultrasound to 
confirm resolution should be performed. If there is any 
doubt, the drain should be clamped and ultrasound 
performed after 24 hours before removal. 


Summary points: 

e Asymptomatic perinephric collections are common 
posttransplantation 
A “wait-and-see” approach can be taken with most 
collections 
In renal transplants urine leaks generally require 


surgical repair 

Nephrostomy as a temporizing measure can be 
useful 

Lymphoceles may be difficult to manage percuta- 
neously 

Small renal abscesses in native kidneys can be 
managed conservatively in some patients 


Mam Ultrasound- Guided Renal Biopsy 


Renal biopsy is utilized in two main clinical scenarios: 
In the presence of a solid renal mass and in diffuse renal 
disease to allow characterization. 

The general principles of ultrasound needle guid- 
ance apply. The use of color Doppler can avoid poten- 
tially catastrophic biopsy of vascular abnormalities. 

In general, two classes of biopsy needle are available: 
hand-driven and automated. A hand-driven 14-gauge 
trucut needle was previously often used in diffuse renal 
disease. However, in the last decade automated cutting 
needles have replaced these and are now the norm. 
These automatic needles have several advantages, spe- 
cifically, less crush artifact of the biopsy specimen, less 
time spent in kidney tissue, and less risk of laceration. 
They are also easier to train individuals to use.?’ Most 
parenchymal biopsies are now acceptably performed 
with a 16-gauge needle at many centers. 


78 6 Radiological Intervention in the Urogenital Tract (Including Trauma and Emergencies) 


Preparation is as previously described in the Sec- 
tions Principles of Ultrasound Guided Procedures and 
Patient Preparation. Traditionally the patient is posi- 
tioned prone with a pillow under the midriff. Sedation 
can often be avoided. If using a needle-guide system, 
then an oblique position can be used equally effectively. 
Mention should be made of the abnormal platelet func- 
tion in renal failure. If the patient has significant renal 
failure, an assessment of platelet function can be made 
via the bleeding time and abnormalities corrected via 
infusion of cryoprecipitate or desmopressin. 

Specific contraindications include polycystic kid- 
neys, active renal infection, and coagulopathy. 

Problems arise with automated needles in the trans- 
plant kidney. Most automated needles once positioned 
have an additional “throw” of 1-2 cm. In the superficial 
transplant this can make positioning the needle diffi- 
cult on occasion. In this scenario, one of the proprietary 
“nonadvancing” systems can be used. 


Renal Mass Biopsy 


The occurrence of indeterminate renal masses discov- 
ered as incidental findings is likely to increase as the 
use of abdominal cross-sectional imaging becomes 
more prevalent. In clearly malignant masses or simple 
cysts a biopsy is not necessary. In those with borderline 
imaging features an accurate biopsy can be useful in 
allowing appropriate management. This approach is 
particularly useful in frail patients, in whom unneces- 
sary surgery carries a significant risk. 

Those with other primary malignancies who will 
benefit from radiation or chemotherapy for metastases 
to the kidney rather than surgery for a renal primary 
are another group in whom the argument for image- 
guided biopsy is compelling. 

How accurate and how safe is image-guided biopsy? 
Wood et al. biopsied 79 renal masses with no major 
complications.” Caoili et al. carried out biopsies using 
only ultrasound in 26 patients with renal mass le- 
sions.” They used an 18-gauge system with the outer 
coaxial sheath guided to the periphery of the mass, with 
a 100% specificity and sensitivity, for malignancy. 

In biopsy of suspected lymphoma, a 14-16-gauge 
needle should be used to allow a sufficiently large 
diagnostic sample. 


aa Diffuse Renal Disease Biopsy 


Most biopsies for diffuse renal disease are performed by 
renal physicians. 

Song et al. studied the use of 18-gauge vs. 14-gauge 
cutting needles.”4 The smaller 18-gauge needle gener- 


ated an equally high quality of specimen. Major hem- 
orrhagic complications occurred in around 3% of cases 
with no significant difference between the two. Tang et 
al. confirmed this concordance in complication rate 
between the two needle sizes.” Many centers use a 
16-gauge needle (Fig. 6.12). 

The lower pole is preferred in the native kidney due 
to its superficial location and distance from the renal 
pelvis and main vessels. In general two cortical cores 
are required to generate sufficient tissue for light im- 
munofluorescence and electron microscopy. Ideally the 
specimen should be checked by microscopy to confirm 
sufficient tissue is present.?! 


E Follow-up 


Careful follow-up for at least eight hours is required. 


Summary points: 

e Coaxial systems allow multiple renal biopsies 
through a single track 

e Biopsy of indeterminate renal mass lesions is safe 
and accurate 


e In diffuse disease an 18-gauge cutting needle is large 
enough 

e Cortical tissue is the target in diffuse disease and 
generally two cores will be required to obtain 
enough tissue 


Ma Renal Artery Stenosis 


Ultrasound in the diagnosis of renal artery stenosis 
(RAS) is outperformed by magnetic resonance imaging 
(MRI) and CECT.?° Consequently this section on RAS will 
be brief. 

In the native kidney atherosclerotic RAS and fibro- 
muscular dysplasia (FMD) are the two main causes. In 
the transplant, the cause is often multifactorial and can 
occur in up to 30% of patients, although on average the 
incidence is 10-15%. 

Indications for treatment in atherosclerotic RAS in- 
clude poorly-controlled hypertension, worsening renal 
function, and flash pulmonary edema. 

The development of stent technology has led to most 
atherosclerotic stenoses in the native kidney being 
treated via primary stenting. Although primary stenting 
is associated with a better technical outcome than bal- 
loon angioplasty, the clinical outcomes are not dissim- 
ilar. FMD responds well to angioplasty alone. 


Renal Artery Stenosis 


Fig. 6.12 a Ultrasound scan of a renal biopsy for suspected 
renal parenchymal disease using a needle guide. The tip of the 
needle is seen to lie on the surface of the kidney. The 16- gauge 
biopsy needle is fired (b) and the needle is seen to traverse the 
parenchyma 


E Technical Considerations 


A detailed explanation is beyond the scope of this 
chapter. Several brief points can be made regarding 
stent deployment. Most operators use balloon- 
mounted stents, allowing more accurate placement, in 
ostial stenoses. A guiding catheter allows protected 
passage from the groin (or arm) to the renal ostium. 

Many of the commercially available balloon- 
mounted stents now come in an 0.018" delivery system 
allowing placement in tight lesions. Rapid-exchange 
“monorail” systems are also useful, allowing the use 
of shorter guidewires (Fig. 6.13). 
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Fig.6.13 Deployment of a balloon-mounted renal stent. 
CO, was used as contrast to avoid any possibility of iodinated 
contrast-induced nephropathy. a Initial image shows a tight 
left RAS. A Sos-Omni catheter is seen located in the ostium of 


= Results 


As mentioned above, technical success in stenting is 
good. Typically abolition of the stenosis occurs in 90% 
or more of cases.”® Clinically the results are less defin- 
itive. Decisions regarding the need for treatment should 
be made in conjunction with the appropriate nephrol- 
ogy and surgical teams. 


Summary points: 
e MRI is more accurate than ultrasound in RAS 


e Renal artery angioplasty + stenting is useful in 
atherosclerotic RAS 


Ml Use of Ultrasound in Radiofrequency 
Ablation in the Kidney 


Walther et al. piloted radiofrequency (RF) ablation in 
the kidney in 2000. Their study evaluated the safety of 
the technique on a series of four patients suffering from 
Von Hippel-Lindau syndrome or papillary renal cell 
carcinoma.”? Suspected neoplastic lesions were eval- 
uated with intraoperative ultrasound before being 
treated with RF energy. 

Renal function was preserved and no complications 
were encountered. With these results the way was 
opened and a number of centers began treating renal 
cell carcinoma with RF ablation. 

Several follow-up studies? have now been pro- 
duced, specifically those of Gervais et al., Mayo-Smith 
et al. and Farrell et al.7~> These groups have performed a 
combined number of over 100 renal tumor ablations 
with up to 3.5 years follow-up. 


the renal artery (arrow). b A balloon-mounted stent (curved 
arrow) has been passed across the stenosis on an 0.018" wire 
(straight arrow). c The balloon-mounted stent is fully open 
(straight arrow) and the renal artery now widely patent 


m Patient Selection 


As yet there is no firm data regarding which patients 
should be treated with percutaneous ablation and who 
should undergo nephron-sparing surgery. A rough con- 
sensus in the literature is beginning to emerge, how- 
ever, and lesions considered would generally be < 5 cm 
in diameter. 

These include those patients with suspected renal 
carcinoma who have contraindications to surgery, or 
have refused surgery. Some investigators have also in- 
cluded patients with prior nephrectomy and those with 
VHL requiring multiple treatments. In addition, a life 
expectancy longer than one year is desirable given the 
relatively slow growth, especially of smaller renal cell 
carcinomas. 


E Clinical Preparation and Assessment 


Most of the patients can be treated as outpatients as 
evidenced by the three recent papers. Preassessment is 
necessary to identify coagulopathy and other relevant 
pathology. An overnight bed should be available should 
complications arise. Antibiotics have been safely 
avoided in all three large studies. 

Sedation and intraprocedural monitoring as previ- 
ously described are used. Some operators will use gen- 
eral anesthesia. 


E Technical Considerations 


A full coverage of the subject is available in two review 
articles. 30?! 

RF ablation works by depositing energy within a 
targeted focus. The mechanism of heat generation in 
RF ablation relates to radiowave energy at a needle 
electrode trying to reach a ground point. Resistance in 
the tissue around this generates heat. The ground point 
can be either a series of pads, usually on the patient's 


thighs (unipolar electrode), or a proximal point of the 
electrode (so-called bipolar electrode). 

Regardless of the technique used to deliver heat to 
the target, several generalizations can be made. 

Cellular homeostasis is maintained up to around 
40 °C. From 42-45 °C cells become more susceptible 
to additional insults or therapy, for example chemo- 
therapy or radiation. At 46 °C for 60 minutes, irrever- 
sible cytotoxicity occurs, and times shorten with incre- 
mental increases in temperature. Thus four to six min- 
utes at 50-52 °C is satisfactory and almost instant cell 
death occurs from 60-100 °C. Above 105 °C tissue char- 
ring occurs which can result in a surrounding “eschar,” 
together with tissue boiling and gas production, both of 
which limit further effective energy deposition. Effec- 
tive temperatures thus range from 50-100 °C (Fig. 6.14). 

The main limiting factor in thermal ablation is the 
maximum treatable volume. 

The design of ablation machines and needles has 
evolved gradually to allow treatment of increased vol- 
umes. Increased energy deposition has been facilitated 
by the development of umbrella electrodes and others 
with multiple tines. Internal cooling of electrodes al- 
lows a greater volume of tissue to be treated by pre- 
venting that portion of the lesion adjacent to the elec- 
trode from boiling. Pulsing in RF ablation achieves sim- 
ilar effects by alternating bursts of high and low energy 
pulses, allowing greater deposition of mean energy 
(Fig. 6.15). 

Reduction of heat loss by utilizing the natural anat- 
omy of renal tumors is a useful strategy. Most renal 
tumors are exophytic and as a result surrounded by 
an insulating layer of perinephric fat. These lesions 
benefit from this “oven” effect described by Livraghi 
et al. in 1999.°? 

Strategies are also available to reduce heat loss by 
convection. In vivo, blood flow causes a marked heat- 
sink effect. In the liver, strategies aimed at reducing 
portal vein blood flow have been performed surgically 
and angiographically. This is facilitated by the dual 
hepatic blood supply. More realistically, in the kidney 
this knowledge can be used to select vulnerable intra- 
parenchymal and exophytic lesions, which are not 
cooled by a high flow central blood supply. 

Target temperatures vary with manufacturer and 
operator. Some investigators aim for 50 °C? and others 
up to 105 °C.* Impedance can also be used to guide 
duration of therapy, with a low-impedance pattern 
suggesting incomplete ablation.? 


E Anatomical Considerations 


An increasing size of renal tumor correlates with an 
increased likelihood of requirement for multiple abla- 
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Fig.6.14 An RF energy generator 


Fig. 6.15 Pump to allow coolant circulation through abla- 
tion needle tip. This is one of several strategies to allow 
ablation of larger volumes 


tions.’ If a large tumor has a component in the renal 
sinus, treatment is more likely to fail.4 

Approach through the psoas in three patients in the 
Farrell etal.” study was associated with neuropathic pain 
in branches of the lumbar plexus (formed in the psoas 
muscle from the anterior rami of four upper lumbar 
nerves) and now heating the psoas muscle is avoided.? 

Gervais encountered a single ureteric stricture when 
treating a lower-pole tumor* and care should be exer- 
cised in cases such as these. 


m Procedural Image Guidance 


Groups have used a variety of ultrasound, CT, and MRI 
and combinations thereof to guide treatment. Investi- 
gators claim a variety of technical and practical advan- 
tages for each modality. 
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With regard to ultrasound, advantages include por- 
tability, low cost, almost universal availability, general 
familiarization with technique, and the ability to view 
real-time images during needle electrode placement. 
Disadvantages specific to renal neoplastic ablation in- 
clude difficulty clearly delineating adjacent gas-filled 
structures (i.e., ascending and descending colon) and 
problems with visualization of the lesion if needle-tip 
gas production occurs. The choice of modality will often 
depend on operator preference. 


E Postprocedural Imaging 


Follow-up is almost exclusively performed via CECT or if 
creatinine levels are raised, MR with intravenous gado- 
linium. Most centers use one-, three-, and 6-monthly 
follow-up scans and define success as lack of or mini- 
mal (< 10 HU) enhancement. 


B Complications 


Out of 86 patients treated in the three studies men- 
tioned above, 11 developed complications. There were 
three perinephric hematomas, which required no treat- 
ment. One patient developed a single skin metastasis at 
the site of percutaneous needle entry. This was re- 
sected. Two patients developed gross hematuria, both 
requiring urinary catheterisation. Finally, the three 
psoas complications and ureteric stricture mentioned 
above also occurred. 


E Success 


A high rate of radiographic success was achieved. 
Mayo-Smith managed to ablate 31 out of 32 tumors. 
One patient refused a second treatment. Farrell’s group 
had complete ablation at the time of writing, but all of 
the tumors were exophytic. Gervais had similar experi- 
ence with exophytic tumors. Large tumors with sinus 
components faired poorly, with initial success only five 
out of 11 treatments. 


E Conclusions 


RF ablation shows promise and is very attractive given 
the ability to treat patients on a day-case basis. Despite 
some limited long-term follow-up, at present, robust 
longitudinal data regarding tumor recurrence and pa- 
tient outcome is as yet unavailable. Direct comparison 
with nephron-sparing surgery and alternative ablative 
technologies is also unavailable and controversy also 
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exists regarding the outcome of small neoplasms in 
elderly patients. Thus despite very encouraging pre- 
liminary results the technique remains as yet unproven. 


Summary points: 

e RF ablation is a new technique for the treatment of 
renal tumors 
As yet it is reserved mainly for those with contra- 
indications to surgery or other specific indications 


Early data shows promising results 

A variety of different commercial RF ablation kits are 
available 

Long-term data and comparison between RF abla- 
tion and surgery are, as yet, unavailable 


(8 Trauma and Emergencies 


= Renal Tract Trauma”? 


Trauma to the urinary tract can be either conventional 
or iatrogenic. In the West iatrogenic injury is by far the 
most common and is related to procedures such as 
renal biopsy, nephrostomy (Fig. 6.16)/nephrolithotomy, 


Fig.6.16 Nephrostogram showing a direct pelvic puncture. 
This should be avoided as it risks major vessel damage 


Fig. 6.17 a Angiogram of a renal transplant with an AVF. b A 
superselective study shows a coaxial catheter in situ through 
which the coils are delivered. Following coil placement (c) the 
final angiogram demonstrates successful closure of the fistula, 
but a small renal infarct has occurred (d) 


instrumentation of the urinary tract, and ureteric injury 
during abdominal surgery. Although many of these in- 
juries are self-limiting, others will require prompt in- 
tervention, which is increasingly done by a minimally 
invasive approach. The same rules apply to conven- 
tional trauma, although the approach will depend on 
the presence or absence of other injuries. 


E Renal Vascular Injuries 
e Arteriovenous and arteriocalyceal fistulae 


e Major pedicle disruption 
e Main renal artery perforation 


Trauma and Emergencies 


The vast majority of these injuries complicate renal 
biopsy and occur in up to 10% of cases. They are com- 
monly seen on Doppler ultrasound, which offers an 
excellent method for surveillance. Provided the patient 
is not bleeding, suffering renal compromise, or intract- 
able hypertension, the vast majority of arteriovenous 
fistulae (AVFs) can be treated conservatively and will 
close spontaneously. The remainder should be occluded 
by coil embolisation.** The technique using small-cali- 
ber coaxial systems has improved over the years, 
although it should be remembered that loss of a small 
amount of renal tissue is an inevitable consequence of 
embolization (Fig.6.17). Open or closed conventional 
vascular injuries such as a sharp penetrating wound 
are treated in the same way. Major vascular pedicle 
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trauma. Both renal arteries have been avulsed. (Kindly sup- 
plied by Dr. J. Tibballs, Royal Free Hospital, London, UK) 


injury (Fig. 6.18) is a serious injury which requires open 
surgery and the kidney is all too often irremediably 
ischemic and lost. 

Occasionally the main renal artery is ruptured during 
a renal angioplasty or stenting procedure. Although a 
major complication, and previously requiring salvage 
surgery, the vast majority can nowadays be rescued 
using an endovascular approach: either prolonged bal- 
loon tamponade or placement of a stent-graft (Fig. 6.19). 


A Pelvicalyceal and Ureteric Injuries 


Again iatrogenic mechanisms predominate here, with 
an increase in the use of endourological techniques to 
deal with calculus disease in particular. In general the 
pelvicalyceal system and ureters when disrupted will 
almost always heal naturally, provided any obstruction 
is relieved and infection or disease such as cancer can 
be dealt with. All that is often required is a temporary 
nephrostomy plus possible percutaneous drainage of a 
urinoma. Ureteric trauma management will depend on 
the nature and mechanism of injury. Clearly a ligated 
ureter will almost always require a surgical solution, 
although we have occasionally embolized the main 
renal artery in patients unfit for surgery. Although 
this will infarct the kidney, it can be useful in critically 
ill elderly patients with advanced disease provided the 
other kidney is functioning. 

A disrupted ureter can often be stented and this may 
require a combined approach from the urethra retro- 
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E 


Fig. 6.19 Patient undergoing a left renal angioplasty. a Fol- 
lowing balloon dilatation there is rupture of the main renal 
artery. Immediate balloon tamponade for 10 minutes (b) 
sealed the perforation and the kidney was preserved. No sur- 
gery was required (c) 


gradely and the kidney antegradely. Another option 
with a distally disrupted or ligated ureter is a uretero- 
neocystostomy where a sharp guide wire or trans-jug- 
ular intrahepatic porto systemic shund (TIPSS) needle 
setis used from an antegrade approach and simply forced 
into a distended contrast-filled bladder (Fig. 6.20). Once 
a guidewire is in the bladder a stent can then be placed. 
This technique should not replace a surgical reconstruc- 
tion but is useful in those with co-morbidity. 

Finally, an extra-anatomical stent should not be for- 
gotten as an option in dealing with major ureteric 
damage. Again it should not replace surgical correction 
if that is possible, but it has a place in the severely ill co- 
morbid patient. 


El Ureteric and Bladder Injuries 


Ureteric and bladder injuries are complex and beyond 
the remit of this chapter. Most are due to pelvic frac- 
tures or blunt perineal trauma. Although it used to be 
said that the traumatized urethra should not be instru- 
mented, this can now be done very atraumatically using 
angiographic skills and equipment under fluoroscopic 
guidance. Again a dual approach may be necessary 
using a suprapubic catheter and establishing a through 
and through wire prior to placement of a urethral uri- 
nary catheter to act as a splint. 


E Priapism 


A priapism is a medical emergency and if not dealt with 
promptly leads to irreversible damage and fibrosis in 
the corpora. The cause can be venous or arterial in 
origin. If arterial in nature and when conventional phar- 
macological methods fail, there is a role for arterial 
embolization of the penile arteries. In the presence of 
trauma an offending arterial connection to the corpora 
can often be embolized. 


E Other Urogenital Emergencies 


Occasionally other conditions will present as emergen- 
cies in the urogenital tract. Hemorrhage from an under- 
lying cancer, particularly of the kidney, is very amena- 
ble to embolization. Chemotherapy-induced hemor- 
rhagic cystitis again can be ameliorated by bilateral 
vesical artery embolization. 

In conclusion, interventional radiological techniques 
have become firmly established in the treatment of 
many urogenital emergency situations. The techniques 
are still probably underused and should always be con- 
sidered first before more invasive efforts are made. 


Trauma and Emergencies 


Fig. 6.20 Technique of ureteroneocystostomy. a A long- 
sheathed needle is placed antegradely across the occluded 
ureter into the prefilled bladder. b Once across, a guidewire 
is placed, followed by a plastic stent. 
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7 The Urogenital Tract: Surgical Overview 


S. Chandrasekara, G. H. Muir 


E Introduction 

The current chapter predominantly outlines the role of 
ultrasound, as well as other imaging modalities, in dif- 
ferent urological clinical settings, emphasizing the uro- 
logical surgeon’s perception of the status of imaging in 
diagnosis and management. 


Mm Urinary Tract Infections 


Urinary tract infections (UTIs) are a common urological 
problem, with the importance lying in the identification 
of those at risk of developing severe sequelae whilst 
avoiding investigation in patients with uncomplicated 
infections. Therefore it is useful to broadly divide UTIs 
into “uncomplicated” and “complicated,” which dic- 
tates the extent of evaluation and the duration of treat- 
ment and also acts as an indicator of potential treat- 
ment failure (Table 7.1). UTIs are classified according to 
the dominant clinical symptom: Urethritis, cystitis, 
prostatitis, or pyelonephritis.! Clinical signs alone will 
not differentiate the site of the infection into an upper 
or lower urinary tract infection.” A UTI in a male patient 
is regarded as complicated, as in the young and the 
elderly male it is often associated with structural or 
outflow-related abnormalities. A UTI in a male patient 
between age 15 and 50 is uncommon! 


E Uncomplicated Urinary Tract Infection 


In females an uncomplicated UTI may be cystitis, ure- 
thritis, or pyelonephritis, with cystitis the most com- 
mon. The UTI may be entirely asymptomatic or associ- 
ated with symptoms of urgency, hesitancy, and pain. 
Common bacterial pathogens include E. coli (70-95%), 
Staphylococcus saprophyticus, Proteus, and Klebsiella. 
The probability of a UTI in a female patient is high, 
namely 20-35% between age 20 and 40, 10-20% of 
which may acquire recurrent uncomplicated infec- 
tions.! Those patients with pyelonephritis in addition 
to cystitis have classical symptoms of fever, loin pain, 
and renal angle tenderness, but the absence of upper 
tract symptoms does not exclude pyelonephritis. 


Table 7.1 Factors that suggest a complicated urinary tract 
infection 


e Male gender 

e Elderly 

e Pregnancy 

e Recent urinary tract infection 

e Nosocomial infection 

e Indwelling urinary catheter 

e Recent antibiotic therapy 

e Symptoms for more than seven days 
e Functional or anatomical anomaly of the urinary tract 
e Diabetes mellitus 

e Immunosuppression 


E Complicated Urinary Tract Infection 


Investigation beyond a posttreatment urine analysis is 
unnecessary for uncomplicated UTI. With acute, un- 
complicated pyelonephritis, a white cell count, C-reac- 
tive protein, and blood cultures for bacteriology are 
necessary. An abdominal radiograph and ultrasound 
should be performed in both uncomplicated and com- 
plicated UTI. The plain radiograph may identify radio- 
opaque calculi or in rare instances demonstrate gas in 
the renal parenchyma, which is indicative of emphy- 
sematous pyelonephritis, or obliteration of the psoas 
muscle outline, a nonspecific sign of a perirenal abscess 
formation. An ultrasound examination is useful in ex- 
cluding the presence of an abscess or pelvicalyceal ob- 
struction. However, in some patients the upper urinary 
tract may be dilated in the absence of obstruction, 
attributed to “bacterial virulence factors.” 

Routine use of an intravenous urography (IVU) in 
uncomplicated UTI is not recommended as over 75% 
of patients will have a normal study.” However, if there 
is no clinical improvement within 72 hours of antibiotic 
therapy, further imaging is indicated. Computed to- 
mography (CT) is the best option in such situations, as 
it offers greater anatomical detail of the renal paren- 
chyma and the perirenal areas. 

Emphysematous pyelonephritis is a rare, acute nar- 
cotizing condition caused by any “gas-forming” organ- 
ism.‘ Diabetes mellitus, immunosuppression, urolithia- 
sis, and renal tract obstruction are common predis- 
posing conditions. These patients are often severely ill 
and may fail to respond to antibiotic therapy. Ultra- 
sound and CT imaging are the most useful methods of 
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Physical examination 


Urine analysis and culture 


>2 UTI in females >1 UTI in males 


Ultrasound 


VCUG 


°°™T~DMSA 


Fig. 7.1 Investigation of a child with a urinary tract infec- 
tion (UTI) 

(VCUG = voiding cystourethrography; °?"Tc-DMSA = °?™Tc- 
dimercaptosuccinic acid) 


assessment, with CT imaging offering accurate ana- 
tomical detail, including areas of gas formation. Any 
perinephric infected fluid collection may be percuta- 
neously drained under ultrasound guidance. There is a 
reported mortality rate of 50-60% in emphysematous 
pyelonephritis, with nephrectomy the only viable op- 
tion for cure.* 


Urinary Tract Infection in Children 


UTIs are the commonest bacterial infection in children. 
Clinical presentation in the pediatric age group may be 
variable and would include failure to thrive, episodes of 
fever, vomiting, and dehydration.’ Investigations are 
usually undertaken following the first episode of infec- 
tion in male patients and following the second episode 
in female patients. The main objective of evaluating 
these patients is to exclude an underlying structural 
or functional anomaly that may be corrected. A diag- 
nostic algorithm for the management of UTIs has been 
formulated by the European Association of Urology 
(Fig. 7.1).! 

Ultrasound is the preferred imaging modality in the 
pediatric age group; there is the benefit of absence of 
ionizing radiation and adverse effects related to the use 
of iodinated contrast media. Ultrasound has been 
shown to be as accurate as IVU in detecting significant 
renal anomalies.®® 


In neonates and in children between age two and 18 
years with a UTI, approximately 30% will have vesi- 
coureteric reflux (VUR).° Male patients with VUR are 
likely to be diagnosed in infancy, whereas in female 
patients the diagnosis is delayed until between age 
two and eight years. Although VUR will resolve sponta- 
neously in the majority of patients, UTI associated with 
reflux facilitates ascending infection, resulting in possi- 
ble renal parenchyma cortical damage and resultant 
scarring. The recommended investigation for VUR in 
children less than age one year is a voiding cystoure- 
thrography using low-dose fluoroscopy. Indirect cys- 
tography, using either °°™Tc-mercaptoacetyltriglycine 
(°°™Tc-MAG3) or 9°™Tc-diethylenetriamine pentaacetic 
acid (°°™Tc-DTPA) renography with reflux studies is a 
suitable option for older children.' Reflux may also be 
assessed using microbubble ultrasound contrast media, 
avoiding the use of ionizing radiation.” A °°™Tc-dimer- 
captosuccinic acid (°?™Tc-DMSA) radioisotope scan is 
performed to identify renal scarring in those patients 
with VUR, as ultrasound is not as sensitive in the de- 
tection of renal parenchyma abnormalities.! The pres- 
ence of renal scarring due to VUR is a relative indication 
for corrective surgery. This may, however, not neces- 
sarily prevent recurrence of lower UTIs. The role of IVU 
is limited to those who require greater anatomical de- 
tail of the upper renal tract. 


Summary points: 

e Divided into “uncomplicated” and “complicated” 
which dictates extent of evaluation and duration of 
treatment 


e Classified into urethritis, cystitis, prostatitis, or pye- 
lonephritis 

e UTI in a male patient is regarded as complicated 

e Probability of a UTI in a female patient is high 


8 Urinary Calculus Disease 


The average life-time risk of renal calculus disease is 
5-10%.° Ureteric colic is a frequent cause of emergency 
urological referral, with the patient presenting with 
characteristic radiating loin pain, vomiting, a low-grade 
fever, and microscopic hematuria. The differential diag- 
nosis is wide and includes biliary colic (on the right), 
peptic ulcer disease, pancreatitis, and abdominal aortic 
aneurysm. Urinary calculi are the commonest cause of 
renal colic, although sloughed renal papillae, a blood 
clot, and fungal debris are occasionally implicated. In- 
vestigations for renal colic that follow clinical diagnosis 
include analysis of urine (for red cells, leukocytes, ni- 
trites, pH and cystene), urine culture, serum creatinine, 


calcium, albumin, urate, and a white cell count.° Appro- 
priate imaging will immediately confirm the diagnosis 
and help to decide on management. The choice of imag- 
ing includes a plain abdominal radiograph combined 
with an ultrasound examination, IVU, or an unen- 
hanced CT examination. 

CT is likely to be the best single imaging investiga- 
tion for ureteric calculi, as both radiolucent and radio- 
opaque calculi are visualized. However, in a number of 
countries, including the United Kingdom, the investiga- 
tion of choice in renal colic remains an IVU, a situation 
that is likely to change to CT imaging in the future. IVU 
offers accurate assessment of the calculus size, site, and 
the degree of renal obstruction. The absence of hydro- 
nephrosis on ultrasound does not reliably rule out renal 
obstruction. Over 80% of calculi < 4 mm in diameter will 
pass spontaneously, but this is less likely with larger 
calculi.!° Patients with persistent pain, UTI, risk of pyo- 
nephrosis, renal failure, single kidney, or bilateral ob- 
struction need urgent decompression irrespective of 
calculi size. 

Nonobstructing calculi in the kidney may be de- 
tected incidentally, or be imaged as a consequence of 
investigations for pain, UTI, or hematuria. Ultrasound 
and CT imaging may be useful in the evaluation of radio- 
lucent calculi. °°™Tc-DMSA scintigraphy is an optional 
investigation used to assess the differential renal func- 
tion, especially in the presence of a large “stag-horn” 
calculus. A complete set of investigations for calculus 
disease, which comprises serum creatinine, uric acid, 
calcium, phosphate, and a 24-hour urine assessment, is 
recommended for patients at high risk of forming fur- 
ther calculi (indicated by a positive family history or 
previous episodes of calculus disease). Treatment op- 
tions for renal calculi include extracorporal shock-wave 
lithotripsy (ESWL), percutaneous nephrolithotomy 
(PCNL), and endoscopic surgery; open surgery is now 
almost never necessary for calculus disease.’ 

Bladder calculi may be formed de novo in the blad- 
der or migrate from the upper urinary tract. Bladder 
calculi are now rare, with primary bladder calculi oc- 
curring most often as a consequence of structural blad- 
der abnormalities such as diverticula or voiding dys- 
function.? Patients usually present with lower urinary 
tract symptoms (LUTS), suprapubic pain, or associated 
complications such as UTI, hematuria, or urinary reten- 
tion. A plain abdominal radiograph often reveals the 
bladder calculi; an ultrasound is helpful in assessing 
any underlying abnormality such as residual urine 
and diverticula. Male patients should also have urine 
flow rate measured, as bladder outflow obstruction is a 
common cause of bladder calculi formation. Manage- 
ment includes removal of the calculi (usually by cysto- 
scopy) and treating the underlying cause. 


Upper Urinary Tract Obstruction (Hydronephrosis) 


Summary points: 

e Ureteric colic is a frequent cause of emergency 
urological referral 

e CT is the best single imaging investigation for ure- 
teric calculi 


e Persistent pain, pyonephrosis, renal failure, single 
kidney or bilateral renal obstruction needs urgent 
decompression 

e Bladder calculi are rare, occurring as a consequence 
of structural bladder abnormalities 


i Upper Urinary Tract Obstruction 
(Hydronephrosis) 


Upper urinary tract obstruction may result from a vari- 
ety of causes (Table 7.2). The presentation and natural 
history may vary according to the degree of obstruction. 
Acute upper urinary tract obstruction is often due to 
calculi with sloughed papillae, blood clots, renal pelvis 
debris, and retroperitoneal abnormalities also impli- 
cated. Chronic upper urinary tract obstruction may be 
further divided into equivocal (doubtful) or unequivo- 
cal. Those with equivocal obstruction may have IVU 
and/or ultrasound appearance of hydronephrosis or 
clinical symptoms such as diuresis-induced loin pain, 
but fail to demonstrate evidence of obstruction on °° 
mTc-MAG3 renography.'! The main clinical concern 
with both acute and chronic upper urinary tract ob- 
struction is the risk of any resulting renal injury causing 
loss of renal function. 

In children pelviureteric junction (PUJ) obstruction is 
the commonest cause of upper tract obstruction.!! Con- 
genital PUJ obstruction may be visualized on ultrasound 
as early as the second trimester of pregnancy with ante- 
natal imaging. Not all of the PUJ obstructions present on 
the antenatal ultrasound examination will persist after 


Table 7.2 Causes of hydronephrosis 


e Pelviureteric junction (PUJ) obstruction 
e Congenital megaureter 
e Ureterocele 
e Vesicoureteric junction (VUJ) obstruction 
e Ureteric stricture 
e Ureteric tumor 
e Pregnancy 
e Tuberculosis 
e Bilhaziasis 
e Ureteric duplication 
e Retroperitoneal pathology 
- Retrocaval ureter 
- Abdominal aortic aneurysm 
- Retroperitoneal fibrosis 
e Bowel/other malignancy extending into the retroperitoneum 
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Table 7.3 Correlation between anteroposterior diameter of 
the renal pelvis and the requirement for pyeloplasty 


Anteroposterior diameter of Risk of requirement 


therenal pelvis (mm) for pyeloplasty (%) 
2715} 2 
15-20 i 
20-30 29 
30-40 61 
40-50 67 
>50 100 


birth."' A follow-up ultrasound examination will iden- 
tify those with a persisting PUJ obstruction and allow 
institution of the correct management. Older children 
with upper urinary tract obstruction may present inci- 
dentally with pain, infection, a palpable renal mass, 
renal impairment, hematuria, and hypertension."! Dhil- 
lon et al. have demonstrated the risk of surgical correc- 
tion according to the degree of hydronephrosis mea- 
sured as the anteroposterior diameter of the renal pelvis 
(Table 7.3).'"'? The indications for surgical correction 
may be further refined when combined with differential 
renal function ascertained with °°™Tc-MAG3 renogra- 
phy.!! In neonates, °°™Tc-MAG3 renography may be 
inaccurate due to renal immaturity, with °°™Tc-MAG3 
renography best performed at age six weeks.!! IVU in 
this setting may not add any further information and is 
therefore not routinely recommended. 

Surgical correction is recommended when the di- 
vided renal function is < 40% and the anterior-posterior 
diameter of the PUJ is > 30 mm on the affected side.” 
An Anderson-Hynes pyeloplasty is the standard surgi- 
cal procedure for PUJ obstruction. When there remains 
uncertainty, for example when the divided renal func- 
tion is > 40% and the anterior-posterior diameter of the 
PUJ is <30mm, a conservative approach is usually 
adopted; the majority of these patients improve or 
remain stable. 

The management of a poorly or nonfunctioning kid- 
ney (divided renal function < 15%) is more controver- 
sial; recommendations vary from an initial nephro- 
stomy to monitor any functional improvement to im- 
mediate nephrectomy." A clinical decision must be 
based on serial functional assessment with °°™Tc- 
MAG3 renography. When bilateral PUJ obstruction is 
present, it is important to exclude voiding dysfunction 
as a cause. Radioisotope scans are unreliable in patients 
with bilateral PUJ obstruction. 

In adults, unilateral hydronephrosis may be a result 
of an undetected, congenital PUJ obstruction. However, 
it is important to exclude other acquired causes, as 5% 
of transitional cell carcinomas (TCCs) occur in the upper 
urinary tract and may present as urinary tract obstruc- 
tion. IVU is performed more frequently in adults than in 


children with upper urinary tract obstruction along 
with other investigations such as urine cytology, retro- 
grade pyelography, and CT or magnetic resonance (MR) 
imaging of the retroperitoneum. 

Bilateral upper urinary tract obstruction in the el- 
derly male patient occurs most frequently due to high- 
pressure chronic retention as a result of bladder out- 
flow obstruction. Locally advanced bladder, prostate, or 
gynecological tumors will occasionally cause bilateral 
ureteric invasion, resulting in upper urinary tract ob- 
struction with the patients usually presenting with 
acute renal failure. Percutaneous nephrostomy inser- 
tion under radiological guidance is the initial manage- 
ment, although it is best practice to insert either a 
double-J stent or a metallic stent across the obstruction 
as soon as possible. 


Summary points: 

e Due to calculi, sloughed papillae, blood clots, renal 
pelvis debris, and retro- peritoneal abnormalities 

e Acute and chronic upper urinary tract obstruction 


may result in loss of renal function 

e Percutaneous nephrostomy insertion is possible, 
although it is best practice to insert a double-] stent 
across the obstruction as first line management 

e In children PUJ obstruction is common 


a Hematuria 


The presentation of hematuria may vary from micro- 
scopic hematuria detected on urine analysis, visible 
blood in the urine, to blood clots causing urinary re- 
tention. The importance of careful assessment in these 
patients cannot be underestimated; underlying urinary 
tract pathology occurs frequently. Urinary tract malig- 
nancy is found four times more often in patients with 
macroscopic than those with microscopic hematuria; 
studies have suggested a 5% and 22% incidence of blad- 
der carcinoma with microscopic and macroscopic hem- 
aturia, respectively." -1> 

There are a number of causes for hematuria which 
include both medical and surgical diseases. Glomerulo- 
nephritis, UTIs, and childhood tumors are the main 
differential diagnoses in the pediatric age group. Uri- 
nary stones, trauma, atypical glomerulonephritis, UTI, 
and IgA nephropathy should be considered in young 
adults, whereas over age 40 urinary tract malignancy is 
the main concern. Complications of benign prostatic 
hypertrophy, such as UTI and bladder calculi, are also 
a common cause in older men. 

Clinical assessment of patients with any form of 
hematuria includes a focused history and examination, 


Lower Urinary Tract Symptoms and Benign Prostatic Hyperplasia 


History 
Focussed physical examination 


MSU (bacteriology) 
Urine cytology 
FBC, renal funciton, ESR (PSA) 
KUB radiograph 
Upper tract imaging 
Cystoscopy 


Negative Positive 


Consider 


nephrology 
evaluation 


Fig. 7.2 Investigation of hematuria 

(MSU = midstream urine; FBC = full blood count; ESR = eryth- 
rocyte sedimentation rate; PSA = prostate-specific antigen; 
KUB= kidneys, ureter, bladder) 


urine testing, cystoscopy, and urinary tract imaging 
(Fig. 7.2). There remains some dispute as to the benefits 
of investigating microscopic hematuria in younger pa- 
tients to the same extent as macroscopic hematuria in 
all age groups; the risk of cancer in young patients with 
microscopic hematuria is low.'*!° However, a study has 
suggested significant disease in 18.5% of patients with 
microscopic hematuria, which implies that a thorough 
evaluation is always indicated.'4 

From the clinician’s point of view, the most appro- 
priate technique for imaging the upper renal tracts 
remains debatable. Ultrasound is the favored option 
as it is as accurate as an IVU for hydronephrosis and 
superior at imaging bladder tumors.'!® When further 
imaging is indicated, CT has the advantage of tumor 
staging and detecting nonurological causes of hematu- 
ria. The most reliable method of assessing the lower 
urinary tract is cystoscopy.” If a bladder tumor is dem- 
onstrated on cystoscopy, a transurethral resection (TUR) 
of the tumor for histological confirmation and staging 
may be performed. The presence of hydronephrosis, 
secondary to a tumor at the ureteric orifice, is frequently 
a sign of muscle-invasive disease.” Over 90% of bladder 
tumors are TCCs, of which over 70% are superficial in 
nature.” The risk of recurrence varies from 50-70% 
according to tumor grade.!”!® Superficial TCC may prog- 
ress to invasive disease; carcinoma in situ and poorly 
differentiated (Grade 3) tumors pose by far the highest 


risk. Intravesical therapy, with either mitomycin C or 
epirubicin, may reduce the frequency of recurrent dis- 
ease, whereas intravesical bacille Calmette-Guérin 
(BCG) reduces the overall recurrence rate, as well as 
the risk of tumor progression.'? Patients are monitored 
with regular cystoscopy to detect and treat any tumor 
recurrence. When muscle-invasive disease is present, 
staging with CT or MR imaging is performed. A radio- 
nucleotide bone scan should be requested with ad- 
vanced disease. Treatment options for invasive bladder 
carcinoma include radical cystectomy or radiotherapy, 
with platinum-based chemotherapy being used in ad- 
vanced disease. 


Summary points: 

e Causes for hematuria include both medical and 
surgical diseases 

e Urinary tract malignancy is 4x more common in 
macroscopic than in microscopic hematuria 


e There is dispute as to the benefits of investigating 
microscopic hematuria in younger patients 
e Assessment of any form of hematuria includes a 


focused history and examination, urine testing, 
cystoscopy, and urinary tract imaging 


Lower Urinary Tract Symptoms and 
Benign Prostatic Hyperplasia 


Lower urinary tract symptoms (LUTS), affecting up to 
30% of males over age 65, are a heterogeneous group of 
symptoms related to the bladder and bladder outflow, 
further divided into storage (filling) or voiding (ob- 
structive) symptoms (Table 7.4). There are numerous 
causes for LUTS (Table 7.5), of which benign prostatic 
hyperplasia (BPH) is the commonest. The aim of assess- 
ing patients with BPH/LUTS is to establish the diagnosis, 
identify the cause, and manage treatment appropriately 
(Fig. 7.3). Patients with troublesome symptoms have a 


Table 7.4 Lower urinary tract symptoms (LUTS) 


Storage (filling) 

e Frequency 

e Urgency 

e Urge incontinence 
e Nocturia 

e Strangurie 


Voiding (obstructive) 

e Hesitancy 

e Poor stream 

e Postmicturition dribble 

e Intermittent flow 

e Feeling of incomplete emptying 
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Initial evaluation 


History 

Focussed examination 
Digital rectal examination 
Urine analysis 


Serum creatinine 

Urine flow rate and post-void residual urine 
Prostate specific antigen (optional) 
Symptom scoring 


Mild symptoms 
No complications 
“Watchful 
waiting” 


Severe symptoms 
Moderate Complications 


Hematuria 
symptoms 
a P Refractory retention 


Calculi 
Urinary tract infection 
Renal impairment 


complications 
Further 
assessment 


Medical 
therapy 


Fig. 7.3 Algorithm for management of benign prostatic hy- 
pertrophy 


Table 7.5 Common causes of lower urinary tract symptoms 
(LUTS) 


e Bladder outflow obstruction (BPH) 
e Prostate carcinoma 

e Urethral stricture 

e Detrusor sphincter dyssnergia 

e Urinary tract infections 

e Nonbacterial cystitis 

e Overactive bladder 

e Bladder carcinoma (including carcinoma in situ) 
e Bladder calculi 

e Interstitial cystitis 

e Age-related 


Table 7.6 Indications for upper renal tract imaging with 
benign prostatic hypertrophy 


e Renal impairment 

e History of urolithiasis* 

e Previous urinary tract surgery 
e History of urothelial tumor* 

e Hematuria 

e Urinary retention 


* May benefit from an IVU or CT as well 


substantial improvement in quality of life following 
successful treatment. 

The need for routine imaging of the upper urinary 
tract in patients with uncomplicated BPH is contentious. 
In a series of ultrasound examinations performed in 
elderly men, hydronephrosis was demonstrated in 
2.5%, all the patients with hydronephrosis had a raised 
serum creatinine, and the number of incidental renal 
masses documented did not differ from that of the gen- 
eral population.”° Routine imaging of the upper tracts 
in uncomplicated BPH is unlikely to be beneficial unless 


there are symptoms or clinical signs of renal disease; a 
postvoiding residual urine volume measurement com- 
bined with uroflowmetry should be adequate.”! Never- 
theless, in clinical practice upper tract imaging is often 
requested by the clinical referrers, perhaps only to 
reassure both the physician and the patient. 

The postvoid residual urine in a normal person 
should be minimal, with postvoid residual urine of up 
to 50 mL being acceptable. Increasing amounts of post- 
void residual urine become significant when associated 
with complications such as UTI or calculus formation. 
When a patient is able to void but retains > 300 mL, a 
state of chronic urinary retention is diagnosed.?! Any 
high-pressure chronic urinary retention posses the risk 
of upper tract obstruction. 

The indications for ultrasound imaging of the upper 
renal tract in BPH are detailed in Table 7.6. 

Urodynamics (pressure-flow studies) is the most 
useful indicator of bladder outflow obstruction.2? By 
placing a pressure transducer catheter both in the blad- 
der and rectum during bladder filling, an accurate 
measurement of detrusor muscle function may be ob- 
tained.”? A correlation between bladder-wall thickness 
(an indirect marker of detrusor muscle hypertrophy) 
and urinary outflow obstruction demonstrated on uro- 
dynamics has been suggested.”? A bladder wall of thick- 
ness > 4mm at 150 mL bladder capacity is suggested to 
be indicative of urinary outflow obstruction but is not a 
reliable measurement in the presence of bladder tu- 
mors or active infection. Although an attractive tech- 
nique, there are difficulties with reproducing the re- 
sults obtained by the original study group.”4 

Transrectal ultrasound (TRUS) is more accurate than 
digital rectal examination or cystourethroscopy in the 
assessment of prostate volume; it is an optional inves- 
tigation when the prostate volume has an impact on the 
mode of therapy chosen. Any further imaging for LUTS 
can only be recommended on an individual basis, as 
these additional investigations, such as cystourethro- 
scopy, abdominal radiograph, and urodynamics, are not 
part of the routine work-up of an uncomplicated pa- 
tient. 

Management and treatment of BPH is variable. 
“Watchful waiting” is an option for those with minimal 
symptoms and no associated complications. The main- 
stay of medical management is to treat with alpha- 
receptor blockers, which relax the prostatic stromal 
smooth muscles, and with 5-reductase inhibitors, 
which mainly reduce prostatic volume.”° Larger pros- 
tates (> 40 g) are suitable for treatment with 5-reduc- 
tase inhibitors. There is an inclination for some clini- 
cians to manage mild symptoms of BPH with herbal and 
plant extracts (phytotherapy).?° With increasing symp- 
toms attributable to LUTS or other complications of 
BPH, surgery is appropriate. Transurethral resection of 


the prostate gland (TURP) is established surgical prac- 
tice.” Larger volume prostate glands (> 100 g) are often 
treated with open prostatectomy, primarily as there 
remains concern over bleeding and inappropriate fluid 
absorption.?’ Photoselective vaporization of the pros- 
tate gland, via the transurethral route, using the “KTP 
YAG” laser (Green Light PV) or holmium laser enuclea- 
tion techniques are emerging as attractive surgical al- 
ternatives even for very large prostate glands.” 


Summary points: 
* 30% of males over the age of 65 years are affected 
e Related to bladder outflow divided into storage 
(filling) or voiding (obstructive) symptoms 
Benign prostatic hyperplasia is the most common 


cause of LUTS 

Post-void residual urine of up to 50mL is acceptable 
but should normally be minimal 

Patients have a substantial improvement in quality of 
life following successful treatment 


“ai Prostate Carcinoma 
Prostate carcinoma is a problem of aging.?° The life- 
time risk of developing prostate cancer is 30% for mi- 
croscopic disease and 10% for clinically significant dis- 
ease.” The clinical presentation of prostate carcinoma 
to an extent overlaps with BPH, causing diagnostic 
difficulties. In the more advanced stages of prostate 
carcinoma, clinical presentation may be with local 
pain, hematuria, hemospermia, bone pain, pathological 
fractures, and manifestations of visceral metastases.” 
The main diagnostic tools for prostate carcinoma work- 
up include digital rectal examination, prostate-specific 
antigen (PSA) measurement, and TRUS-guided prostate 
biopsy.” In the majority of patients, prostate carcinoma 
develops in the peripheral zone of the prostate gland 
and may be palpable on digital rectal examination, but a 
normal digital rectal examination does not exclude the 
diagnosis of prostate carcinoma. The positive predictive 
value of PSA for prostate carcinoma detection is quoted 
as follows: In levels between 4 and 10 ng/mL the pos- 
itive predictive value is 20-35% and for levels > 10 ng/ 
mL it is between 50 and 80%.?9 An abnormal digital 
rectal exam will further increase the positive predictive 
value.”° 

On TRUS, the appearances of prostate carcinoma are 
variable; it is classically described as a low-reflective 
area in the peripheral zone, but may be of high or mixed 
reflectivity and even isoreflective to the normal pros- 
tate.2°°° Although a TRUS biopsy may improve diag- 
nostic accuracy and detect 50% more tumors than with 


Prostate Carcinoma 


physical examination alone,” there are no studies to 
support the use of TRUS biopsy as a screening tool. If 
there is a clinical suspicion of prostate carcinoma, sys- 
tematic transrectal biopsies are obtained under ultra- 
sound control. If the first set of biopsies are negative 
and there remains a high level of clinical suspicion for 
the presence of prostatic carcinoma, a second set of 
biopsies may yield a positive result in a further 
20%.3!32 Seminal vesicle biopsy may be used in selected 
patients for disease staging.7° 

Following diagnosis of prostate carcinoma, the stage 
of the disease has a major impact on the selection of 
appropriate treatment and prognosis.”° TRUS is inad- 
equate for local staging, whereas CT and MR imaging, 
although widely used, may not reliably predict extra- 
capsular spread.??*4 Accuracy of MR imaging may be 
improved with an endorectal coil and gadolinium con- 
trast enhancement.?%?? The use of microbubble ultra- 
sound contrast agents in the evaluation of prostate 
carcinoma shows promise.'*3> PSA measurement com- 
bined with the Gleason score (histological classification) 
of the tumor improves staging accuracy.°? The reference 
standard for lymph node staging remains operative 
lymphadenectomy. Bone is the commonest site of 
metastatic spread from a prostatic carcinoma primary; 
radionuclide scintigraphy is the investigation of choice 
for detecting such lesions; a PSA of >100ng/mL is 
nearly 100% predictive for metastasis.7° 

Patients with good performance state, organ-con- 
fined disease, and a life expectancy of > 10 years are 
candidates for aggressive therapy by means of a radical 
(total) prostatectomy or radical radiotherapy.”° Watch- 
ful monitoring is another option in a selected subgroup. 
Those patients with advanced disease or limited life 
expectancy are treated with antiandrogen therapy, pal- 
liative radiotherapy, hormonal manipulation, or watch- 
ful monitoring. 


Summary points: 

e Clinical presentation of prostate carcinoma overlaps 
with BPH 
The life-time risk of developing prostate cancer is 
30% for microscopic disease and 10% for clinically 
significant disease 


Diagnosis for prostate carcinoma includes digital 
rectal examination, prostate specific antigen mea- 
surement, and trans-rectal ultrasound- guided 
prostate biopsy 

Following diagnosis of prostate carcinoma, the stage 
of the disease has a major impact on the selection of 
appropriate treatment and prognosis 
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Focal Renal Lesions 


Advances in imaging have had a major impact in the 
diagnosis and evaluation of focal renal lesions; a num- 
ber of lesions are detected incidentally following imag- 
ing of the abdominal structures for other unrelated 
reasons. A simplified classification of renal tumors is 
given in Table 7.7. 

Simple renal cysts are the commonest benign lesion, 
and renal cell carcinoma accounts for the majority of 
malignant renal tumors. Renal cysts are a common 
incidental finding and are considered to be a part of 
normal aging. Occasionally a simple renal cyst may 
cause pain, renal obstruction, or become infected. Ul- 
trasound will evaluate renal cysts to identify those that 
are simple in nature or identify suspicious features such 
as septations, internal echoes, or calcification to recom- 
mend further imaging with CT. The Bosniak classifica- 


Table 7.7 Pathological classification of renal tumors 


Malignant 

e Renal cell carcinoma (RCC)* 

e Upper tract transitional cell carcinoma (TCC)* 
e Lymphoma* 

e Leiomyosarcoma 

e Hemangiopericytoma 

e Liposarcoma 

e Rhabdomyosarcoma 

e Schwannoma 

* Osteosarcoma 

e Fibrous histiosarcoma 

e Neurofibrosarcoma 

e Metastatic disease 

e Invasion by adjacent neoplasm 
e Carcinoid 

e Adult Wilms tumor 

e Mesoblastic nephroma 

e Leukemia 


Benign 

e Simple cyst* 

e Angiomyolipoma* 

e Oncocytoma* 

e Pseudotumour 

e Renninoma 

e Pheochromocytoma 
e Leiomyoma 

e Hemangioma 

e Cystic nephroma 

e Fibroma 

e Arteriovenous malformation 
e Renal artery aneurysm 


Inflammatory 

e Abscess* 

e Pyelonephritis* 

e Xanthogranulomatous pyelonephritis 
e Infected renal cyst 

e Tuberculosis 

e Rheumatic granuloma 


*Most common causes 


tion of renal cysts is a useful guide to determine malig- 
nant potential.?°7” 

Many clinically detected renal cell carcinomas 
(RCCs) are metastatic at diagnosis. One of the most 
valuable clinical benefits of ultrasound in urological 
practice is the role in early detection of renal cell cancer. 
This is particularly important, as surgery in the early 
stage of the disease is the best curative option for an 
RCC. RCC, once called the “internist’s tumor” due to its 
protean manifestations, now rightly deserves to be 
called the “radiologist’s tumor,” as up to 80% of asymp- 
tomatic RCCs are now diagnosed incidentally with ul- 
trasound. Ultrasound screening for RCCs is limited to 
high-risk groups, as the cost-benefit of ultrasound in 
this scenario is unproved.?° 

The classic clinical triad of loin pain, mass, and 
hematuria is seen in only a small number of patients 
with an RCC, though single symptoms are common. 
Weight loss, fatigue, malaise, and nausea are some of 
the other nonspecific symptoms, but are features of 
advanced disease. Paraneoplastic syndromes may be 
seen in up to 40% of patients. Stauffer syndrome is a 
unique paraneoplastic syndrome characterized by liver 
dysfunction, fever, weight loss, and fatigue, which is 
reversible in 60-70% of patients following nephrec- 
tomy, thought to be due to cytokine production by 
bulky necrotic tumors.?%*° Differential diagnosis of 
RCC includes angiomyolipoma, oncocytoma, renal in- 
farction, column of Berthin hypertrophy, xanthogranu- 
lomatous pyelonephritis, renal abscess, and an arterio- 
venous fistula (AVF); following renal biopsy. 

Ultrasound will demonstrate a renal mass as small as 
1.5 cm with 80% accuracy.*! The main strength of ultra- 
sound is the ability to differentiate solid and cystic 
components of a lesion with ease. Furthermore, ultra- 
sound readily demonstrates tumor extension into the 
renal vein or inferior vena cava (IVC) but is less accurate 
in demonstrating thrombus below the IVC tumor. Large 
lymph nodes (> 1 cm) can also be detected with ultra- 
sound. Ultrasound guidance may help in tumor biopsy 
in inconclusive cases as well as for cryosurgical or ra- 
diofrequency (RF) ablation of an RCC.47*? With neph- 
ron-sparing surgery, intraoperative ultrasound is useful 
to detect small tumor masses. 

Overall, ultrasound is inadequate for the complete 
evaluation and staging of renal tumors; CT imaging is 
currently the standard for evaluating renal masses, 
being 72-90% accurate in staging renal carcinoma.*! 
Other benign renal lesions such as angiomyolipoma 
and oncocytoma may also be differentiated due to their 
characteristic features, such as fat aggregation and cen- 
tral stellate scarring, respectively.*’ A central tumor 
location suggests a TCC and the diagnostic accuracy in 
such instances is increased with urine cytology, retro- 
grade pyelography, and ureterorenoscopy. 


MR imaging is presently considered a supplementary 
imaging modality for characterizing renal masses that 
are not fully assessed with CT imaging. MR imaging is 
also useful when CT is contraindicated due to iodinated 
contrast allergy or renal insufficiency. The overall accu- 
racy of differentiating tumors confined to the kidney 
(Stage <T2) versus those with extracapsular spread 
(Stage T3) is higher with MR imaging than with CT 
imaging.*'** Apart from demonstrating angiomyoli- 
poma (fat content well seen), the most significant role 
of MR imaging is the accuracy in differentiating IVC 
tumor from thrombus.*° Following radical nephrec- 
tomy, patients are monitored for local tumor recurrence, 
metachronous tumor in the contralateral kidney, and for 
metastasis. Ultrasound combined with a chest radio- 
graph or CT imaging of the abdomen may be used for 
this purpose. Five-year disease-free survival for localized 
(Stage T1-2) and advanced (Stage T3-4 or M+) disease is 
approximately 50-90% and 0-13%, respectively.*® 


Summary points: 

e Lesions are detected incidentally following imaging 
for unrelated reasons 
Cysts are the most common benign lesion and renal 
cell carcinoma the most common malignant tumor 


Clinically detected renal cell carcinomas are meta- 
static at diagnosis 

Clinical triad of loin pain, mass, and hematuria is 
seen rarely in patients with a renal cell carcinoma 
80% of asymptomatic renal cell carcinomas are di- 
agnosed incidentally with ultrasound 


ma Urogenital Trauma 


All trauma patients are initially assessed according to the 
Advanced Trauma and Life Support (ATLS) protocol. In 
addition to baseline trauma investigations, urine analy- 
sis, hematocrit, and serum creatinine are particularly 
valuable in the assessment urinary tract injuries. 


E Renal Injury 


Approximately 8-10% of abdominal injuries involve the 
kidneys.“ Most patients with renal trauma do not re- 
quire imaging or active intervention; the likelihood of a 
significant renal injury in an adult with microscopic 
hematuria due to trauma is minimal in the absence of 
hypovolemic shock.*® Any pre-existing renal anomalies 
will make significant renal injury more likely. Guide- 
lines for assessing both the adult and pediatric renal 
trauma patient have been issued by the European As- 
sociation of Urology (Table 7.8).*% 


Urogenital Trauma 


Table 7.8 Indications for renal imaging following trauma 


Adults 

e Blunt trauma with microscopic hematuria and hypotension 
e Rapid deceleration injury or significant associated injury 

e Macroscopic hematuria 

e Penetrating injury 

Children 


e Blunt and penetrating trauma with any level of hematuria 

e Associated significant abdominal injury regardless of urine 
analysis findings 

e Rapid deceleration injuries, fall from a height, or direct flank 
trauma 


The ideal imaging modality in trauma patients should 
provide accurate assessment of the specific injury, as 
well as associated injuries; CT is regarded as the refer- 
ence standard. Ultrasound has limited value due to the 
inability for detailed assessment and the difficulty in 
obtaining a good acoustic window in a trauma patient. 
If patients are not hemodynamically stable enough for a 
CT examination, a focussed assessment with sonography 
in trauma (FAST) examination is of value particularly 
when combined with an intraoperative single abdomi- 
nal radiograph following a bolus of intravenous iodi- 
nated contrast media. Again the use of microbubble 
ultrasound contrast media may play a role in the assess- 
ment of blunt trauma to solid abdominal organs.*° 

Although sensitivity for IVU in renal trauma is re- 
ported at 95%, there is lack of specificity and the ability 
to detect associated injuries.*® Identification of renal 
tract injury with CT imaging is estimated at 95.6%, 
whereas with ultrasound specificity is reported at 
78.8%.*8 With the availability of CT imaging, the use 
of angiography in renal trauma is largely limited to 
selective renal arterial embolization to halt continuing 
hemorrhage. Selective renal arterial embolization is a 
safe alternative to renal exploration, as the risk of neph- 
rectomy is high with surgical exploration.°° Most renal 
injuries may be managed nonoperatively. 


Hl Ureteral Injury 


Traumatic ureteric injuries are rare, accounting for 1% 
of urinary tract injuries, whereas iatrogenic ureteric 
injury is more frequently encountered.” The diagnosis 
of ureteric injury requires a high degree of clinical 
suspicion, as there are no specific signs and symptoms. 
Urinary extravasation (including fistula) and features of 
upper renal tract obstruction are suggestive. Most ure- 
teric injuries are diagnosed following imaging, most 
often on a CT examination. When CT imaging findings 
are inconclusive, a plain abdominal radiography at 30 
minutes after iodinated contrast (administered for the 
CT examination) may provide a more detailed view of 
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any extravasation of contrast media.*® Retrograde pye- 
lography is the reference standard in evaluating ure- 
teric injury. 

Prompt attention to ureteric injury is vital for renal 
preservation and prevention of complications related to 
continuing urine extravasation. Principles of manage- 
ment include early diagnosis, surgical reconstruction or 
repair, drainage, antibiotic therapy, and possible stent- 
ing of the repaired ureteric segment. 


= Bladder Injury 


The urinary bladder occupies both the abdomen and 
pelvis and may be involved in injuries related to either; 
70-90% of bladder injuries are associated with pelvic 
fractures.°* Hematuria in the presence of a pelvic frac- 
ture, abdominal tenderness, and distension with inabil- 
ity to void are highly suggestive of a bladder injury. 
Cystography (on a CT examination or via conventional 
retrograde bladder filling) is the imaging method of 
choice. A minimum of a plain radiograph, a view with a 
bladder filled with contrast, and a view following blad- 
der voiding should be performed. Ultrasound and IVU 
are thought to be suboptimal for the assessment of 
bladder injury. Extraperitoneal rupture of the bladder 
due to blunt trauma may be managed with bladder 
catheter drainage alone, whereas intraperitoneal rup- 
ture and penetrating injuries often need surgical closure. 


= Genital Injury 


A high proportion (30-60%) of all urinary tract injury is 
associated with genital injury.*® Blunt trauma to the 
erect penis may result in corporal fracture, which often 
occurs during sexual activity.” Patients usually com- 
plain of a “cracking” noise associated with sudden de- 
tumescence and penile swelling (the “aubergine sign”). 
There may be an associated urethral injury. The diag- 
nosis of a penile fracture is often clinical. 

MR imaging and ultrasound are both useful in ascer- 
taining integrity of the tunica albuginea, especially when 
clinical assessment is difficult in the presence of a large 
hematoma.’ A penile fracture must be differentiated 
from rupture of the dorsal vein of penis, as manage- 
ment is different. An ascending urethrogram should be 
performed if urethral injury is suspected. Early surgical 
repair is the preferred management of a penile fracture, 
as if surgical repair is performed early, the majority of 
patients will avoid significant erectile dysfunction that 
is known to be associated with this injury.” 

Following blunt injury, the testis may be contused, 
ruptured, or dislocated. Patients present with a painful 
and swollen scrotum. Rarely testicular tumors present 


as swellings only brought to the patient’s attention 
following trauma.°° The accuracy of ultrasound in the 
assessment of testicular injury is debatable, though 
probably the commonest imaging modality used. 
Most penetrating injuries to the genitalia are associated 
with other organ injury, the choice of imaging guided 
by the clinical picture but not delaying urgent surgical 
exploration. 


Summary points: 

e 8-10% of abdominal injuries involve the kidneys 

e Pre-existing renal anomalies will make significant 
renal injury more likely 


e Traumatic ureteric injuries are rare 

e 70-90% of bladder injuries are associated with pelvic 
fractures 

e Early surgical repair of a penile fracture is indicated 


fn Penile and Scrotal Abnormalities 
m Testis 


There are a number of causes of testicular pain (Table 
7.9). The presentation of a patient with acute scrotal 
pain is a potential emergency as it is imperative to 
manage testicular torsion correctly to avoid irreversible 
ischemic injury to the testis. Testicular infarction may 
occur within a few hours following initial symptoms. 
The classic clinical presentation of testicular torsion 
is acute scrotal pain, nausea, and vomiting.°” However, 
not all patients will have testicular symptoms; pain may 
be referred to the lower quadrant of the abdomen. The 
affected testis is often “high-riding” and lies in the trans- 
verse plane and the spermatic cord feels tender and 
indurated at the site of torsion. With late presentation 
the overlying scrotal skin may be discolored. With tor- 
sion of the appendix of testis or epididymis, tenderness 
may be more localized than with testicular torsion. 
Acute lower ureteric obstruction can be referred to the 
ipsilateral testis, but in such an instance the testis is not 
normally tender to palpation. Epididymo-orchitis is an 
important differential diagnosis, but the history of pain 


Table 7.9 Differential diagnosis of acute scrotal pain 


Testicular torsion 


e Torsion of the appendix of testis 

e Torsion of the appendix of epididymis 

e Epididymo-orchitis 

e Infected hydrocele 

e Obstructed hernia 

e Vasculitis 

e Dermatological problems of the scrotum 


in patients with epididymo-orchitis tends to be less 
acute and progressing over time.*° 

When there is significant clinical doubt, a testicular 
color Doppler ultrasound may be useful, as it demon- 
strates blood flow to the testis and may identify epidi- 
dymo-orchitis.°° Nuclear medicine imaging may also 
assess testicular blood flow, though is impractical due 
to its relative unavailability in an emergency setting. It 
must be emphasized that no imaging examination is 
reliable enough to rule out testicular torsion and the 
diagnosis is mainly based on clinical suspicion.©° Prompt 
surgical exploration should be carried out in such in- 
stances and if testicular torsion is confirmed, both 
testes should be fixed to prevent subsequent torsion. 

The presence of scrotal discomfort, pain, or a mass is 
a frequent urological referral. Hydrocele, varicocele, 
and cysts of the epididymis are common benign con- 
ditions occurring at all ages, but a testicular tumor, the 
main concern of this group of patients, has a peak 
incidence in the third and fourth decades. Testicular 
tumors account for about 10% of cancer deaths in males 
of this age group.®! Testicular tumors usually present as 
a painless testicular swelling; other symptoms are less 
common and include localized pain (27%), gynecomas- 
tia (7%), and may mimic epididymo-orchitis in 10% of 
patients.°° Clinical examination of the scrotum often 
reveals the diagnosis. Ultrasound is the imaging modal- 
ity of choice for the initial assessment of scrotal pathol- 
ogy; accuracy is further enhanced by the use of color 
Doppler ultrasound. Ultrasound is particularly useful in 
evaluating the testis when a tense hydrocele prevents 
adequate palpation. Color Doppler ultrasound is useful 
in the differentiation of inflammatory change from tu- 
mor masses. Subclinical varicoceles may be demon- 
strated on ultrasound; the significance of treating var- 
icoceles remains uncertain.& Epididymal cysts do not 
require treatment unless large or symptomatic. 

Ultrasound is sensitive in demonstrating testicular 
tumors, although MR imaging is arguably superior due 
to greater accuracy with local tumor staging and the 
ability to differentiate seminomatous from nonsemi- 
nomatous tumors.®* MR imaging is not routinely per- 
formed in the staging of testicular tumors, as tumor 
markers (alpha-fetoprotein [AFP], human beta-cho- 
rionic gonadotropin [beta-HCG], lactate dehydrogenase 
[LDH]) along with clinical and ultrasound local assess- 
ment is adequate in the majority of patients. CT imaging 
is the recommended modality for staging the retrope- 
ritoneum and chest. 

Treatment options for testicular tumors vary accord- 
ing to the stage of disease. Platinum-based chemother- 
apy and radiotherapy has improved the overall survival 
of patients with testicular malignancy to over 90%.9-°6 
The risk of contralateral testicular tumor varies from 
2.5-5%, more likely with a morphologically abnormal 


Penile and Scrotal Abnormalities 


testis or in the presence infertility.°° Testicular micro- 
lithiasis is recognized as a risk factor for the develop- 
ment of a testicular tumor, and these patients should be 
offered ultrasound and clinical surveillance.®” 

A number of patients present with chronic testicular 
pain (chronic orchalgia) in whom no abnormality can 
be demonstrated, a difficult clinical problem in which 
to offer any treatment.°® 

Penile carcinoma is rare in the developed countries. 
Penile carcinoma is related to penile hygiene and is 
almost never seen in males who have been circumcised 
at a young age. The tumor may begin as a small painless 
papule or ulcer. Delayed presentation is common, with 
approximately 50% of patients demonstrating palpable 
lymph nodes, which may be inflammatory or malig- 
nant, at the time of presentation. MRI is gerally ac- 
cepted as the staging modality of choice. 


E Erectile Dysfunction 


Although penile erection is a predominantly neurovas- 
cular event, there are many causes of erectile dysfunc- 
tion, which may be classified as psychogenic, neuro- 
genic, hormonal, or vascular. Primary assessment of a 
patient with erectile dysfunction includes a detailed 
interview focussed on the medical and psychosexual 
history, physical examination, and appropriate baseline 
investigations. If a vascular abnormality is suspected, a 
color and spectral Doppler ultrasound is useful in as- 
sessing cavernosal arterial blood flow. Cavernosogra- 
phy may be used when venous leak is suspected from 
the initial ultrasound, to visualize the abnormal drain- 
ing veins. Revascularization surgery of the penis and 
procedures for venous leak are undertaken with vary- 
ing success,8®70 


i] Infertility 


Infertility is defined as the inability to achieve concep- 
tion after one year of unprotected intercourse.® Often 
patients are investigated sooner than the one-year pe- 
riod as female fertility declines after age 35. There are a 
number of factors contributing to male and female in- 
fertility. The main purpose of evaluating patients with 
infertility is to detect treatable causes, advise on suitable 
alternate conception methods for those with uncorrect- 
able problems, diagnose potentially life-threatening 
conditions that may underlie infertility, and to identify 
genetic abnormalities that may affect the offspring. 

The initial assessment includes a complete repro- 
ductive history and a focused physical examination, 
particular emphasis being given to secondary sexual 
characteristics, testicular size, and the presence of a 
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scrotal varicocele. On rectal examination, a palpable 
nodule or cyst may suggest a miillerian duct cyst. Two 
semen analyses are performed as a basic investigation, 
and other investigations will include a reproductive 
hormone profile and postejaculatory semen analysis. 
Any immunological or genetic investigations are per- 
formed as the clinical history and examination dictates. 
TRUS is useful to demonstrate ejaculatory duct cysts or 
ejaculatory duct obstruction. Scrotal ultrasound is used 
to evaluate the testes when physical examination is 
inconclusive, documenting testicular volume as this is 
important in infertility.”! Subclinical varicoceles may be 
demonstrated. Testicular tumors and microlithiasis are 
found in 0.5% and 5% of subfertile males, respectively.°” 


Summary points: 
Acute scrotal pain is an emergency as testicular 
torsion must be managed correctly 
Hydroceles, varicoceles, and cysts of the epididymis 
are common benign conditions 


Testicular tumors present as a painless testicular 
swelling; other symptoms are less common 
Chronic orchalgia is a difficult clinical problem in 
which to offer any treatment 

Penile carcinoma is related to penile hygiene and is 
not seen in circumcised males 


Mi References 


1. Naber KG, Bergman B, Bishop MC, et al. EAU guidelines for 
the management of urinary and male genital tract infec- 
tions. Urinary Tract Infection (UTI) Working Group of the 
Health Care Office (HCO) of the European Association of 
Urology (EAU). Eur Urol 2001; 40:576-588. 

2. Busch R, Huland H. Correlation of symptoms and results of 
direct bacterial localization in patients with urinary tract 
infections. J Urol 1984;132:282-285. 

3. Kangarloo H, Gold RH, Fine RN, Diament MJ, Boechat MI. 
Urinary tract infection in infants and children evaluated by 
ultrasound. Radiology 1985;154:367-373. 

4. Huang JJ, Tseng CC. Emphysematous pyelonephritis: clin- 
icoradiological classification, management, prognosis, and 
pathogenesis. Arch Intern Med 2000;160:797-805. 

5. Kass EJ, Kernen KM, Carey JM. Paediatric urinary tract 
infection and the necessity of complete urological imaging. 
BJU Int 2000;86:94-96. 

6. Hardeman SW, Husmann DA, Chinn HK, Peters PC. Blunt 
urinary tract trauma: identifying those patients who re- 
quire radiological diagnostic studies. J Urol 1987;138: 
99-101. 

7. Mentzel HJ, Vogt S, Patzer L, et al. Contrast-enhanced so- 
nography of vesicoureterorenal reflux in children: prelimi- 
nary results. AJR Am J Roentgenol 1999;173:737-740. 

8. Anderson RA. A complementary approach to urolithiasis 
prevention. World J Urol 2002;20:294-301. 

9. Tiselius H-G, Ackermann D, Alken P, Buck C, Conort P, 
Gallucci M. EAU Guidelines on Urolithiasis. EAU Update 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


Series. 2001. http://www.uroweb.org/files/uploaded_files/ 
urolithiasis.pdf 

Morse RM, Resnick MI. Ureteral calculi: natural history and 
treatment in an era of advanced technology. J Urol 1991; 
145:263-265. 

Riedmiller H, Androulakakis P, Beurton D, Kocvara R, Ger- 
harz E. EAU guidelines on paediatric urology. Eur Urol 
2001;40:589-599. 

Dhillon HK. Prenatally diagnosed hydronephrosis: the Great 
Ormond Street experience. Br J Urol 1998;81(Suppl 2): 
39-44. 

Gray Sears CL, Ward JF, Sears ST, Puckett MF, Kane CJ, 
Amling CL. Prospective comparison of computerized to- 
mography and excretory urography in the initial evalua- 
tion of asymptomatic microhematuria. J Urol 2002;168: 
2457-2460. 

Khadra MH, Pickard RS, Charlton M, Powell PH, Neal DE. A 
prospective analysis of 1,930 patients with hematuria to 
evaluate current diagnostic practice. J Urol 2000;163: 
524-527. 

Sultana SR, Goodman CM, Byrne DJ, Baxby K. Microscopic 
haematuria: urological investigation using a standard pro- 
tocol. Br J Urol 1996;78:691-696. 

Goessl C, Knispel HH, Miller K, Klan R. Is routine excretory 
urography necessary at first diagnosis of bladder cancer? 
J Urol 1997;157:480-481. 

Oosterlinck W, Lobel B, Jakse G, Malmstrom P-U, Stockle M, 
Sternberg C. EAU Guidelines on Bladder Cancer. EAU 
Update Series. 2001. http://www.uroweb.org/files/ 
uploaded_files/bladdercancer.pdf 

Ragde H, Kenny GM, Murphy GP, Landin K. Transrectal 
ultrasound microbubble contrast angiography of the pros- 
tate. Prostate 1997;32:279-283. 

Oosterlinck W. Guidelines on diagnosis and treatment of 
superficial bladder cancer. Minerva Urol Nefrol 2004;56: 
65-72. 

Koch WF, Ezz eD, de Wildt MJ, Debruyne FM, de la Rosette 
JJ. The outcome of renal ultrasound in the assessment of 
556 consecutive patients with benign prostatic hyperpla- 
sia. J Urol 1996;155:186-189. 

Speakman MJ, Kirby RS, Joyce A, Abrams P, Pocock R. 
Guideline for the primary care management of male lower 
urinary tract symptoms. BJU Int 2004;93:985-990. 

Blake C, Abrams P. Noninvasive techniques for the mea- 
surement of isovolumetric bladder pressure. J Urol 2004; 
171:12-19. 

Manieri C, Carter SS, Romano G, Trucchi A, Valenti M, 
Tubaro A. The diagnosis of bladder outlet obstruction in 
men by ultrasound measurement of bladder wall thick- 
ness. J Urol 1998;159:761-765. 

Kaefer M, Barnewolt C, Retik AB, Peters CA. The sono- 
graphic diagnosis of infravesical obstruction in children: 
evaluation of bladder wall thickness indexed to bladder 
filling. J Urol 1997;157:989-991. 

Lepor H, Williford WO, Barry MJ, et al. The efficacy of ter- 
azosin, finasteride, or both in benign prostatic hyperplasia. 
Veterans Affairs Cooperative Studies Benign Prostatic Hy- 
perplasia Study Group. N Engl J Med 1996;335:533-539. 
Buck AC. Phytotherapy for the prostate. Br J Urol 1996;78: 
325-336. 

Neal DE. The national prostatectomy audit. Br J Urol 1997; 
79(Suppl 2):69-75. 

Malek RS, Kuntzman RS, Barrett DM. High-power potas- 
sium-titanyl-phosphate laser vaporization prostatectomy. 
J Urol 2000;163:1730-1733. 


29. 


30. 


31. 


32. 


33: 


34. 


35: 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44, 


45. 


46. 


47. 


48. 


49. 


Aus G, Abbou CC, Pacik D, et al. EAU Guidelines on Prostate 
Cancer. EAU Update Series. 2003. http://www.uroweb.org/ 
files/uploaded_files/prostatecancer.pdf 

Oyen RH. Imaging modalities in diagnosing and staging 
carcinoma of the prostate. In: Petrovich Z, Baert L, Brady 
LW, eds. Carcinoma of the prostate. Innovation and man- 
agement. Berlin: Springer Verlag: 1996:65-96. 

Keetch DW, Catalona WJ, Smith DS. Serial prostatic biopsies 
in men with persistently elevated serum prostate specific 
antigen values. J Urol 1994;151:1571-1574. 

Partin AW, Yoo J, Carter HB, et al. The use of prostate- 
specific antigen, clinical stage and Gleason score to predict 
pathological stage in men with localized prostate cancer. 
J Urol 1993;150:110-114. 

May F, Treumann T, Dettmar P, Hartung R, Breul J. Limited 
value of endorectal magnetic resonance imaging and 
transrectal ultrasonography in the staging of clinically lo- 
calized prostate cancer. BJU International 2001;87:66-69. 
Mufti G, Naseem MS, Masood S, Patel H, Reddy K. Preop- 
erative imaging of pelvic urological malignancies: is it 
accurate? BJU International 2002;90(Suppl 2):199. 
Frauscher F, Klauser A, Halpern EJ. Advances in ultrasound 
for the detection of prostate cancer. Ultrasound Q 2002;18: 
135-142. 

Bosniak MA. The use of the Bosniak classification system for 
renal cysts and cystic tumors. J Urol 1997;157:1852- 1853. 
Leder RA. Radiological approach to renal cysts and the Bos- 
niak classification system. Curr Opin Urol 1999;9: 129-133. 
Zhan X, Sidhu PS, Muir GH. Screening for renal cell carci- 
noma using ultrasonography; a feasibility study. BJU Int 
2003;92:1047-1048. 

Gold PJ, Fefer A, Thompson JA. Paraneoplastic manifesta- 
tions of renal cell carcinoma. Semin Urol Oncol 1996;14: 
216-222. 

Strohmaier WL, Bichler KH. Paraneoplastic syndrome in 
kidney cancer. Med Klin (Munich) 1989;84:86-89. 

Roy C, Buy X, el Ghali S. Imaging in renal cell cancer. EAU 
Update Series 2003;1:209-214. 

Abe M, Saitoh M. Selective renal tumour biopsy under 
ultrasonic guidance. Br J Urol 1992;70:7-11. 

Brausi M, Castagnetti G, Gavioli M, Peracchia G, de Luca G, 
Olmi R. Radiofrequency (RF) ablation of renal tumours does 
not produce complete tumour destruction: results of a 
phase II study. Euro Urol Suppl 2004;3: 4-17. 

Semelka RC, Shoenut JP, Magro CM, Kroeker MA, MacMa- 
hon R, Greenberg HM. Renal cancer staging: comparison of 
contrast-enhanced CT and gadolinium-enhanced fat-sup- 
pressed spin-echo and gradient-echo MR imaging. J Magn 
Reson Imaging 1993;3:597-602. 

Aslam SA, Teh J, Nargund VH, Lumley JS, Hendry WF, 
Reznek RH. Assessment of tumor invasion of the vena caval 
wall in renal cell carcinoma cases by magnetic resonance 
imaging. J Urol 2002;167:1271-1275. 

Mickisch G, Carballido J, Hellsten S, Schulze H, Mensink H. 
Guidelines on renal cell cancer. Eur Urol 2001;40:252-255. 
Sahin H, Akay AF, Yilmaz G, Tacyildiz IH, Bircan MK. Retro- 
spective analysis of 135 renal trauma cases. Int J Urol 2004; 
1:332-336. 

Lynch D, Martinez-Pineiro L, Plas E, Serafetinidis E, Turkeri 
L, Hohenfellner M. EAU Guidelines on Urological Trauma. 
EAU Update Series. 2003. http://www.uroweb.org/files/ 
uploaded_files/guidelines/urotrauma.pdf. 

Kraemer N, Cosgrove DO, Blomley MJ. Microbubble ultra- 
sound demonstrates liver trauma. J Trauma 2004;56:913- 
914. 


50. 


51. 


52. 


53. 


54. 


55; 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


References 101 


Hagiwara A, Sakaki S, Goto H, et al. The role of interven- 
tional radiology in the management of blunt renal injury: a 
practical protocol. J Trauma 2001;51:526-531. 
Dobrowolski Z, Kusionowicz J, Drewniak T, et al. Renal and 
ureteric trauma: diagnosis and management in Poland. BJU 
Int 2002;89: 748-751. 

Flancbaum L, Morgan AS, Fleisher M, Cox EF. Blunt bladder 
trauma: manifestation of severe injury. Urology 1988;31: 
220-222. 

Mansi MK, Emran M, el Mahrouky A, el Mateet MS. Expe- 
rience with penile fractures in Egypt: long-term results of 
immediate surgical repair. J Trauma 1993;35:67-70. 

Uder M, Gohl D, Takahashi M, et al. MRI of penile fracture: 
diagnosis and therapeutic follow-up. Eur Radiol 2002;12: 
113-120. 

Gontero P, Sidhu PS, Muir GH. Penile fracture repair: as- 
sessment of early results and complications using color 
Doppler ultrasound. Int J Impot Res 2000;12:125-128. 
Laguna MP, Pizzocaro G, Klepp O, Algaba F, Kisbenedek L, 
Leiva O. EAU guidelines on testicular cancer. Eur Urol 2001; 
40:102-110. 

Cole FL, Vogler R. The acute, nontraumatic scrotum: assess- 
ment, diagnosis, and management. J Am Acad Nurse Pract 
2004;16:50-56. 

Knight PJ, Vassy LE. The diagnosis and treatment of the 
acute scrotum in children and adolescents. Ann Surg 
1984;200:664-673. 

Chou CC, Chen CS, Chu SH, Lai MK. Color Doppler sonog- 
raphy in differentiation between testicular torsion and 
epididymoorchitis: report of three cases. Changgeng Yi 
Xue Za Zhi 1996;19:90-94. 

Sidhu PS. Clinical and imaging features of testicular tor- 
sion: role of ultrasound. Clin Radiol 1999;54:343-352. 
Buse S, Lurati G, Schmid HP. Testicular tumors—a current 
review. Schweiz Rundsch Med Prax 2003;92:1989-1997. 
Kass EJ, Chandra RS, Belman AB. Testicular histology in the 
adolescent with a varicocele. Pediatrics 1987;79:996-998. 
Weidner W, Colpi GM, Hargreave TB, Papp GK, Pomerol JM, 
Ghosh C. EAU guidelines on male infertility. Eur Urol 2002; 
42:313-322. 

Thurnher S, Hricak H, Carroll PR, Pobiel RS, Filly RA. Imag- 
ing the testis: comparison between MR imaging and US. 
Radiology 1988;167:631-636. 

Miron L. The current therapeutic strategy in testicular 
cancer. Rev Med Chir Soc Med Nat Iasi 1995;99:29-39. 
Loehrer PJ, Sr., Williams SD, Einhorn LH. Status of chemo- 
therapy for testis cancer. Urol Clin North Am 1987;14: 
713-720. 

Miller FN, Sidhu PS. Does testicular microlithiasis matter? 
A review. Clin Radiol 2002;57:883-890. 

Hayden LJ. Chronic testicular pain. Aust Fam Physician 
1993;22:1357-9. 

Michal V, Kramar R, Pospichal J, et al. Vascular surgery in 
the treatment of impotence; its present possibilities and 
prospects. Czech Med 1980;3:213-217. 

Sarramon JP, Malavaud B, Bertrand N, Rischmann P. Vascu- 
lar microsurgery in the treatment of vasculogenic erectile 
dysfunction: clinical experience apropos of 115 operations 
performed according to 2 different surgical techniques. 
Prog Urol 1999;9:707-714. 

Schutte B. New diagnostic procedures in assessing male 
fertility. Z Hautkr 1989;64:292;295-298. 


102 


8 Focal Lesions of the Kidney 
M. J. Weston 


= Introduction 


Many focal renal lesions are detected incidentally dur- 
ing investigation for other symptoms. Ultrasound is 
commonly used in the investigation of diverse abdomi- 
nal and pelvic symptoms; the kidneys are seen as part 
of the ultrasound examination. The most likely finding 
is of a simple renal cyst, and ultrasound has a high 
degree of accuracy in cyst characterization.! The mode 
of presentation of renal tumors gives prognostic infor- 
mation; those that are found incidentally do better than 
those who present with symptoms.” It is important for 
the ultrasonologist to recognize which lesions can be 
ignored and which need further action. 


Ma Renal Cysts 
a Simple Cysts 
Simple renal cysts are common in older patients; they 


are a normal part of the process of aging and are the 
commonest renal mass in adults. A recent prevalence 


Fig. 8.1 Simple cortical cyst (between cursors), demonstrat- 
ing the characteristic features of a cyst: No internal echoes, an 
ovoid shape, an imperceptible, smooth wall, and increased 
through transmission of sound 


study using ultrasound showed that 5.1% of people in 
the fourth decade of life have at least one cyst; this 
increases sevenfold to 36.1% in the eighth decade of 
life.” The same study also showed that cysts were twice 
as common in men as in women. Furthermore, there is 
an average yearly increase in size of 6.3%. Uncompli- 
cated cysts are usually asymptomatic and do not re- 
quire any treatment. Large cysts are likely to be symp- 
tomatic with pressure effects on adjacent structures, 
leading to discomfort, hematuria, hypertension, and 
urinary obstruction. Symptomatic renal cysts can be 
treated using ultrasound-guided aspiration and instil- 
lation of either absolute alcohol alone or alcohol and 
tetracycline.*° Success in relieving symptoms is said to 
be between 75 and 95%. 

The ultrasound features are of a hypoechoic fluid 
collection arising from the kidney with the following 
characteristics (Fig. 8.1): 

e No internal echoes 

e A rounded or ovoid shape 

e An imperceptible, smooth wall, with a sharply- 
defined distal margin 

e Increased through transmission of sound 


There are technical factors that influence these appear- 
ances. Reverberation echoes from the skin surface or 
strong superficial reflectors may appear within the cyst. 
These echoes fade out the deeper into the cyst they go. 
Harmonic imaging will reduce this effect. Cysts < 2 cm 
in size may show apparent internal echoes from partial 
volume effects from adjacent solid tissue. Remember 
that the ultrasound beam has width. 


El Multiple Simple Cysts 

The presence of more than one simple cyst in a kidney 
becomes commoner with increasing age. These cysts 
retain the characteristics of a simple cyst (Fig.8.2). 
Some medical syndromes produce multiple cysts, but 
once established these syndromes have innumerable 
cysts affecting both kidneys equally. In contrast, multi- 
ple simple cysts affect the two kidneys in an asymmet- 
ric way and always remain countable in number. 


E Complicated Cysts 
Septations 


Fine septations of < 1 mm thickness do not stop a sim- 
ple cyst from being regarded as simple. Thicker septa- 
tions, particularly those with nodular thickening, are 
suspicious for malignancy and require further investi- 
gation (Fig. 8.3). Rarely, a cyst may change over time to 
become more septated and show malignant features.® 
Computed tomography (CT) imaging is advocated for 
any cyst that deviates from being simple.’ Some au- 
thors advocate the use of Doppler studies or micro- 
bubble contrast-enhanced Doppler studies of septated 
lesions. It has been shown that flow in the septa, par- 
ticularly high-velocity, pulsatile flow is a marker for 
malignancy.®® 


Hemorrhage 


Internal echoes within a cyst are usually the result of 
either infection or hemorrhage (Fig.8.4). The rate of 
hemorrhage into simple cysts is usually quoted as 6%, 
though the relevant studies were performed 30 years 
ago, predating sophisticated ultrasound. Cysts of poly- 
cystic kidney disease suffer a greater rate of hemor- 
rhagic complication, in part due to the large size of 
the kidneys and their vulnerability to trauma. The ap- 
pearance of a hemorrhage will vary with time. A fresh 
hemorrhage is anechoic, gaining echoes over time. 
Eventually, clot retraction, nodule and septum forma- 
tion, calcification, and thickening of the cyst wall will 
occur. Hemorrhagic cysts are associated with malig- 
nancy; they may themselves mimic features of malig- 
nancy that lead to unnecessary surgery.'! Aspiration 
cytology is unhelpful because of the frequency of false 
negative results. If CT or magnetic resonance (MR) 
imaging do not show any overt features of malignancy, 
then follow-up of hemorrhagic cysts with serial ultra- 
sound imaging is prudent. 


Infection 


Infection of a cyst can occur via hematogenous spread 
or via iatrogenic cyst puncture. An infected cyst may be 
indistinguishable from a simple cyst but is likely to 
show a complex echo pattern. The contents may be 
highly reflective (Fig. 8.4), there may be fluid-fluid lev- 
els with dependant debris and there may be contained 
gas. The wall of the cyst becomes thicker and may 
appear nodular due to adherent inflammatory tissue 
and an infected cyst will have clinical features of an 
abscess. Both are characterized by fever and flank pain 
resistant to antibiotic therapy. Aspiration and drainage 
are required for diagnosis and treatment.'? 


Renal Cysts 


Fig. 8.2 Five simple cysts of similar size in the kidney of a 
60-year-old. All demonstrate the typical features of a simple 
cyst 


than 1 mm, and therefore the lesion requires further investi- 
gation 


Hydatid (echinococcosis) cysts of the kidney repre- 
sent a rare form of renal infection. Renal involvement 
occurs in only 4% of confirmed hydatid disease.'? The 
ultrasound appearances are nonspecific, but daughter 
cysts within the main cyst and fine wall calcification 
may aid in the diagnosis. 


Calcification 


There is eggshell-like mural calcification in about 3% of 
simple cysts (Fig. 8.5). The majority represent calcifica- 
tion that has occurred as a result of bleeding or inflam- 
mation and is seen as a thin, bright margin to the cyst.'4 
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Fig. 8.4 a A fluid-debris level (arrow) within a cyst following 
recent intracystic hemorrhage. b Pyonephrosis in a long- 
standing hydronephrosis. Note that there is little or no remain- 


Fig. 8.5 Calcified wall of a hemorrhagic cyst (arrow) at the 
upper aspect of the left kidney. (Courtesy of Dr. G.M. Baxter) 


Bright foci in the cyst walls or septa that show ring- 
down artifact are often seen but do not correlate with 
calcification on CT images.!° There is an association of 
renal cyst calcification with malignancy, but this is 
much less important in the diagnosis than the presence 
of soft-tissue nodules.'® Milk of calcium cysts contain a 
colloidal suspension of calcium crystals; these often 
show a dependant layer of high-reflective material on 
ultrasound, enough to cause shadowing.” Milk of cal- 
cium cysts may masquerade as renal calculi but repre- 
sent a calyceal diverticulum that has lost its communi- 
cation with the collecting system.!8 A milk of calcium 
cyst is usually asymptomatic. 


ing renal cortex. The fine echoes within the fluid indicate the 
presence of pus, blood, or other debris. The clinical picture is 
needed to aid in the differentiation of these entities 


Differential Diagnosis of Renal Simple Cysts 
Calyceal and Renal Pelvic Diverticula 


Fluid-containing lesions that communicate with the 
renal collecting system can be indistinguishable from 
simple cysts on ultrasound alone. Contrast-enhanced 
CT or urography is required to show the communica- 
tion. 


Hydronephrosis Duplex System 


Diagnostic confusion can arise in both directions; peri- 
pelvic cysts may mimic hydronephrosis and obstructed 
calyces may mimic a cyst.'®?° Likewise, the obstructed 
upper moiety of a duplex kidney may simulate an 
upper-pole renal cyst, especially if the surrounding cor- 
tex has become atrophic and nonfunctioning (Fig. 8.6). 
Conventionally, intravenous urography (IVU) is needed 
to establish the diagnosis. Nicolau et al. have claimed 
that measuring the size of the cystic structure on ultra- 
sound before and after a 1.5L fluid load will reliably 
distinguish between a cyst and renal obstruction; an 
increase in size of the lesion indicates renal obstruc- 
tion.2! Most authors prefer the greater certainty af- 
forded by urography or contrast-enhanced CT imaging. 


Lymphatic Cysts 


Cysts in the renal sinus are produced in two forms: 
Parapelvic and peripelvic.”” Parapelvic cysts are paren- 
chymal in origin and are usually solitary and are seen in 
about 1.5% of autopsies. Peripelvic cysts are thought to 
arise by lymphatic ectasia and are usually multiple and 


Fig. 8.6 a Obstructed upper moiety of a duplex kidney. Atro- 
phy of the renal cortex around the upper moiety has occurred. 
The fluid within the dilated collecting system contains echoes 
indicating pus, blood, or other debris. In this case, the upper 
moiety was infected. b IVU in the same patient, demonstrating 
the typical “drooping flower head” sign of a normal lower 
moiety being displaced by the nonfunctioning upper moiety 


septated. Peripelvic lymphangiectasia is rare and is as- 
sociated with perirenal lymphatic cysts, as well as peri- 
vascular cysts (probably dilated lymph vessels).2?74 The 
perirenal cysts appear to arise in a capsular location 
rather than a cortical location. 


Hematoma 


A recent hematoma may be indistinguishable from a 
cyst. The diagnosis should be suspected in the light of a 
history of trauma and serial ultrasound will show the 
development of echoes within the lesion as the hema- 
toma matures. 


Arteriovenous Malformations and Aneurysms 


Arteriovenous malformations and aneurysms may ap- 
pear identical to a simple cyst on gray-scale ultrasound 
but will present no diagnostic difficulty if Doppler ultra- 
sound imaging is used.?° Occasionally CT will misinter- 
pret a venous varix as an enhancing mass.”° 


Multilocular Cystic Nephroma 


This is a rare lesion that appears as a discrete, space- 
occupying mass with a thick capsule and consisting of 
several noncommunicating cysts of varying size sepa- 
rated by fibrous septa (Fig.8.7).2”7% If the cysts are 
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Fig. 8.7 Example of a multilocular cystic nephroma. The 
cysts are contained within the one lesion 


small, the lesion may appear as a more solid mass. 
Multilocular cystic nephromas are predominantly 
found in young males or older females. There is patho- 
logical disagreement on their origin and this has led toa 
confusing array of synonyms: Benign cystic nephroma, 
cystic hamartoma, multilocular cystadenoma, cystic 
Wilms tumor, benign cystic differentiated nephroblas- 
toma, and segmental polycystic kidney, to name a few. 
Whatever the name given, it is not possible for ultra- 
sound or CT to distinguish the lesion from a cystic renal 
cell carcinoma (RCC). 
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Cystic Malignancy (Table 8.1) 


The seminal paper by Bosniak on the classification of 
renal cysts and the likelihood of malignancy was based 
on CT imaging, but the findings can be extrapolated to 
ultrasound.”° The initial premise was to identify reli- 
ably lesions that did not require surgery. Cysts are 
graded from I to IV depending on their internal com- 
plexity, with Grade I being a simple cyst and Grade IV 
being complex with solid areas. Approximately 60% of 
Grade III lesions and almost 100% of Grade IV lesions 
are malignant. Grades I and II can be left alone, whereas 
Grades III and IV require surgery. This approach has 
been shown to succeed," though some modifications 
to the classification have evolved. Biopsy of Grade III 
lesions is advocated to prevent unnecessary surgery”! 
and follow-up of moderately complex lesions (Grade 
IIF) is advised, as the absence of change supports benign 
disease.>” 


Table 8.1 Bosniak classification of renal cystic masses: CT 
criteria 


Category 1 Cystic masses with well-defined margins, homo- 
geneous, of water density, with no contrast 
enhancement 

Category 2 Cystic masses showing a few thin septa (< 1 mm) or 
thin fine calcifications, or appearing as hyperdense 


cysts 


Category 3 Cystic masses showing more extensive thickened 
and irregular calcifications, uniform wall thickening, 
and thickened and irregular or multiple septa 


(> 1 mm) 


Category 4 Cystic masses having irregular thickened walls or 
solid elements and possibly having enhancement of 


cyst walls, septa, or solid areas 


Fig. 8.8 Thickening of the upper cyst wall (arrow) in a large 
cystic renal carcinoma of the midaspect of the right kidney 


Most cystic renal carcinomas (50%) are unilocular 
and represent necrosis within the renal tumor.°? Ultra- 
sound shows a thick, uneven wall with the cystic com- 
ponent containing echoes. Next most common (30%), 
the mass has several cystic spaces with thick nodular 
intervening masses containing adenocarcinoma. In 20%, 
there is a solid mass within the wall of a cyst (Fig. 8.8); 
this feature is usually caused by asymmetric necrosis. 
Rarely, the lesion is a unilocular cystadenocarcinoma 
with a thin layer of clear cells in the walls. Multilocular 
cystadenocarcinoma represents only 3% of renal cell 
tumors but follows a relatively benign clinical course.*4 


Eil Congenital Cystic Renal Disease 
Polycystic Kidney Disease 


Autosomal recessive polycystic kidney disease 
(ARPKD) may present in utero or in childhood. The 
kidneys are symmetrically enlarged, smooth, and are 
of increased reflectivity due to the multiple tiny cysts 
being too small to individually resolve, but providing 
numerous reflective interfaces. However, a few small 
discrete cysts may be seen and a low-reflective rim may 
develop around the kidneys. Generally, ARKPD patients 
diagnosed in utero have a poor prognosis and may 
succumb from underdeveloped lungs caused by lack 
of amniotic fluid (Fig. 8.9). ARKPD patients diagnosed 
at an older age generally have better renal function but 
suffer from portal hypertension as a consequence of 
hepatic cysts and periportal fibrosis. Those ARKPD pa- 
tients that survive the perinatal period have a better 
prognosis than is generally perceived.?” 


Autosomal dominant polycystic kidney disease 
(ADPKD) usually presents in the fourth or fifth decade 
of life with renal impairment, hypertension, hematuria, 
and abdominal pain. ADPKD may also be detected ser- 
endipitously during ultrasound imaging for other rea- 
sons. Screening of offspring of affected ADKPD adults is 
normally performed with ultrasound. Renal cysts are 
rare below age 30; finding two or more renal cysts in 
this age group with a family history of ADPKD indicates 
that the patient is also affected.?° Once the condition is 
established, innumerable cysts of varying sizes disrupt 
the normal architecture of the kidneys and both kid- 
neys become considerably enlarged (Fig. 8.10). The size 
of the kidneys is related to renal function and hyper- 
tension; an increase in cyst volume correlates with 
decline in renal function.?” Liver cysts occur in up to 
67% and increase in size and number with age. Women 
suffer more severe polycystic liver disease than men.?® 
Seminal vesicle cysts occur in 40% of men, and rarely 
cysts may occur in the pancreas, spleen, and ovary.?” 


KIDNEYS 


Fig. 8.9 a Autosomal recessive polycystic kidneys diagnosed in 
utero. Both kidneys are symmetrically enlarged with smooth 
surfaces and a bright texture. A hypoechoic rim (arrows) has 
developed around each kidney. The lack of amniotic fluid 
shows the kidneys are not functioning. b Autopsy of the new- 


Fig. 8.10 a Longitudinal image through the right kidney in a 
patient with ADPKD. b CT image of ADPKD, demonstrating 
numerous cysts throughout both kidneys with disruption of 
the normal renal architecture. c One of the cysts in this auto- 
somal dominant polycystic kidney shows a fluid-debris level. 
The clinical history and outcome were of hemorrhage into the 
cyst rather than infection 
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born child. The baby died at birth due to lack of lung develop- 


ment as a consequence of the lack of amniotic fluid. The 
kidneys are shown to fill the abdomen and to have a smooth 
outline with no macroscopic cysts 
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Fig.8.11 Autopsy specimen from a fetus affected with bi- 
lateral multicystic dysplastic kidneys. There are cysts of 
different sizes distorting the renal outline. Note how this differs 
from the image of autosomal recessive polycystic kidneys 
shown in Fig. 8.9b 


Fig. 8.12 Patient with tuberous sclerosis where the kidneys 
are affected by innumerable angiomyolipomata 


Hemorrhage or infection of the cysts of polycystic 
kidney disease may occur and demonstrate similar 
signs to the same process that may occur in other 
simple cysts (Fig. 8.10). It can be difficult to assess which 
of the many cysts present in polycystic disease is giving 
rise to the symptoms. Calculi are seen in up to 20% of 
patients.*° 


Multicystic Dysplastic Kidney 


Multicystic dysplastic kidney is thought to occur as a 
result of ureteric atresia during early fetal life. The 
kidney or part of the kidney affected is nonfunctioning; 
consequently, bilateral multicystic dysplastic kidneys 
are not compatible with life (Fig. 8.11). An affected kid- 
ney is replaced by a mass of cysts of varying sizes; it 
usually undergoes atrophy during childhood. The clin- 
ical relevance is the association with disorders of the 
contralateral kidney. This can occur in up to 40% and 


usually takes the form of pelviureteric obstruction or 
vesicoureteric reflux (VUR). Such reflux causes the con- 
tralateral kidney to have reduced growth.*! Multicystic 
dysplastic kidney may affect one part of a duplex kid- 
ney. Most cases are sporadic, but there are occasional 
instances of familial recurrence.*7 


Von Hippel-Lindau Disease 


Von Hippel-Lindau disease is inherited in an autosomal 
dominant fashion with variable expression and pene- 
trance. It usually manifests after the second decade of 
life and features one or more of the following: Renal 
cysts (75%), cerebellar hemangioblastoma (35-60%), 
retinal angiomatosis (50%), renal adenocarcinoma 
(25-45%), and pheochromocytoma (10%). The renal 
cysts may be the first manifestation of the disease; 
ultrasound of the abdomen is advocated as a screening 
tool in those at risk. Cysts are usually cortical and 
between 0.5 and 3.0 cm in size. Cysts may also develop 
in the pancreas, liver, and adrenals. The renal adeno- 
carcinoma that occurs is bilateral in 75% and multifocal 
within one kidney in about 87% of cases. These patients 
are usually offered nephron-sparing surgery. MR imag- 
ing is the best tool for screening known affected kid- 
neys for the development of carcinoma.*? 


Tuberous Sclerosis 


Tuberous sclerosis is characterized by mental retarda- 
tion, seizures, and cutaneous adenoma sebaceum. It is 
an autosomal dominant hereditary neurocutaneous 
disorder. Renal cysts and angiomyolipomas may be 
the earliest or only manifestation of the disease in 
childhood. Angiomyolipomas occur in 80% of patients 
and may be too numerous to count; cysts occur in 47% 
of cases (Fig.8.12). Both cysts and angiomyolipomas 
increase in size and number with increasing age.** 
There is a small incidence of renal adenocarcinoma 
developing." 


Medullary Cystic Disease Complex 


This is a group of rare disorders comprising juvenile 
nephronophthisis, medullary cystic renal degeneration, 
and renal retinal dysplasia. Presentation is in childhood 
or young adulthood with renal failure. The kidneys are 
small and smooth with cortical atrophy, although the 
cortex is usually bright on ultrasound. There may be 
multiple cysts of 1-2 cm diameter lying in the medulla 
or at the corticomedullary junction (thought to be di- 
lated distal convoluted tubules).'* 


Summary points: 
e Simple cysts are well-defined and anechoic. Thin 
septa 1 mm thick or less are allowed 


e Simple cysts gradually increase in size and number 
with age 

e Complex cysts with thick septa, internal echoes, and 
areas of calcification need further investigation 


i Benign Solid Lesions 
E Adenoma 


The diagnosis of a renal adenoma is no longer a consid- 
eration on imaging. Previously solid lesions <3 cm in 
size were thought to be benign and larger lesions ma- 
lignant. It is now clear that an adenoma cannot be 
distinguished from an adenocarcinoma even on histol- 
ogy and therefore the distinction based entirely on size 
criteria is untenable. However, it is documented that 
small solid renal tumors grow slowly, usually < 0.5 cm 
per year, and that these tumors virtually never meta- 
stasize when < 3 cm.*° Consequently, “watchful wait- 
ing” is appropriate, especially in elderly patients or 
those that might not survive surgery. Small cortical 
tumors in the donor kidney are sometimes found in- 
cidentally during surgery for transplantation, not hav- 
ing shown up on imaging studies; the risk of malignant 
transformation with immunosuppression is not quan- 
tifiable so the kidney is not transplanted.*” 


Oncocytoma 


Oncocytomas are commoner in men, usually asympto- 
matic, and most often found serendipitously in the 
sixth and seventh decade. These tumors contain onco- 
cytes, large cells that have a granular eosinophilic cy- 
toplasm. Oncocytomas represent up to 6% of all renal 
tumors and generally follow a benign course without 
metastasis. On ultrasound appearances are varied; 
oncocytomas may be isoreflective, have reduced or in- 
creased reflectivity. A characteristic feature is a central 
stellate scar, and microbubble contrast enhancement 
may show a “spoke-wheel” pattern, more typically 
found on angiography (Fig. 8.13). There are no reliable 
imaging features that allow an oncocytoma to be dis- 
tinguished from renal adenocarcinoma.*? Hemorrhage 
is rare. Biopsy is unhelpful, as oncocytoma rests are 
occasionally found in renal adenocarcinomas. There 
are reports of oncocytomas of unusual appearance 


Benign Solid Lesions 
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Fig. 8.13 a A well-circumscribed high-reflective lesion arising 
from the upper aspect of the left kidney, demonstrating a 
central low-reflective “scar” (arrow). b Following the admin- 
istration of SonoVue (Bracco, Milan, Italy), and using low me- 
chanical index (MI) imaging (CPS, Acuson, Siemens, Mountain 
View, CA), a typical “spoke-and-wheel” effect is demonstrated 
in keeping with an oncocytoma. (Courtesy of Dr. P.S. Sidhu) 


mimicking other lesions and the final diagnosis can 
only be made after the entire tumor is examined by 
histology.°° 
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Fig. 8.14 aA small cortical angiomyolipoma (arrow) within the 
kidney. b A larger, exophytic angiomyolipoma (arrow). The fat 
content of this lesion needs to be confirmed with CT imaging, 
as some RCCs may be as reflective as this 


Ba Angiomyolipoma 


Angiomyolipomas are benign hamartomatous lesions 
of the kidney; the tumors contain varying proportions 
of blood vessels, smooth muscle, and fat. They may 
occur as single or multiple lesions in one or both kid- 
neys; 50% of patients with renal angiomyolipomas will 
have tuberous sclerosis. Those tumors that are not as- 
sociated with tuberous sclerosis are most commonly 
found in middle-aged women and are usually unilat- 
eral. The angiomyolipomas seen in tuberous sclerosis 
had been thought to be small and asymptomatic, but at 
least one series has shown large symptomatic tumors 
presenting with pain, hematuria, and fever.°' Angiog- 
raphy often reveals aneurysmal dilation of the tumoral 
arteries; this explains the association of angiomyolipo- 
mas with spontaneous renal bleeding confined to the 
subcapsular and perirenal space (Wunderlich syn- 
drome).** The likelihood of spontaneous bleeding in- 


creases once the tumor is > 4 cm and there is an aneu- 
rysm > 5 mm in size.>? 

The ultrasound features are characteristically of a 
highly reflective cortical mass, some of which may be 
exophytic (Fig.8.14). The brightness of the lesion is 
similar to renal sinus fat. The fat content of the tumor 
contributes to the high reflectivity of the lesion; a third 
may show acoustic shadowing. Bleeding into the tumor 
alters the appearance and may make diagnosis difficult. 
Some renal adenocarcinomas are as reflective as angio- 
myolipomas.** The diagnosis of angiomyolipoma may 
be confirmed by CT or MR imaging, demonstrating the 
fat content of the tumor. Biopsy is rarely useful.°° Small 
tumors do not need to be treated, whereas large tumors 
need to be surgically removed using nephron-sparing 
techniques to prevent complications. Actively bleeding 
angiomyolipomas may be treated with coil emboliza- 
tion during catheter angiography. 


Summary points: 
e Benign 
e Carry a risk of bleeding 


e May be the earliest manifestation of tuberous scle- 
rosis 
e Large lesions can mimic carcinoma and vice-versa 


aa Focal Infection|Inflammatory Pseudotumour 


There are several synonyms: Lobar nephronia, acute 
focal pyelonephritis, focal bacterial nephritis, and pseu- 
doabscess. Essentially the condition is a focal area of 
pyelonephritis in a lobar distribution; it forms part of 
the diagnostic continuum of acute pyelonephritis and 
represents an inflammatory mass that does not contain 
pus amenable to percutaneous or surgical drainage.*° 
Ultrasound features are of a loss of corticomedullary 
differentiation in the affected segment and a mass or 
wedge-shaped area that can be of high, low or mixed 
reflectivity (Fig. 8.15).°” Since the clinical presentation is 
one of infection, the diagnosis is not usually in doubt. 
Tissue-harmonic imaging gives increased contrast res- 
olution and is said to allow up to 97% of kidneys with 
acute pyelonephritis to show focal changes. Serial ultra- 
sound during appropriate antibiotic treatment will 
show focal changes resolve, although progression to 
an abscess will occur if treatment is not adequate. 


Malignant Tumors 111 


Fig. 8.15 Focal infection. a The patient presented with clinical 
features typical of infection, and the ultrasound image dem- 
onstrates a mass extending from the medulla into the cortex 
(arrow). This represents an area of acute focal pyelonephritis. 
b The same patient, one week later, demonstrates persistence 
of the abnormality. Resolution of the appearances of the mass 
may be slow despite appropriate antibiotics. Progression to an 
abscess has not occurred. c High-reflective fungus balls within 
the pelvicalyceal system of an immunocompromized child 
(between cursors) 


| Malignant Tumors 
Renal Adenocarcinoma 


Ninety percent of adult primary renal tumors are renal 
adenocarcinomas. There is a male to female preponder- 
ance of two to one; multiple tumors are found in one 
kidney in 5% of cases, and 1-2% have bilateral tumors.” 
There is an association with von Hippel-Lindau disease 
and tuberous sclerosis. Common symptoms at presen- 
tation are painless hematuria, flank pain, and a palpable 
mass together with anorexia and weight loss. The pro- 
portion of tumors < 3 cm in size is rising entirely as a 
result of detection as an incidental finding during imag- 
ing for other indications.°° Ultrasound screening pro- 
grams have been advocated; one trial involving 9959 
volunteers yielded only nine renal adenocarcinomas. 
The sensitivity at one-year follow-up was 82% and the 
positive predictive value of positive findings was 50%.°° 

Ultrasound features are of a solid tumor mass which 
may be of increased, decreased, or similar reflectivity as 
the normal renal cortex. Larger tumors are more likely 
to be isoreflective, whereas tumors < 3 cm in size are 
more likely to be of increased reflectivity relative to the 
renal parenchyma (Fig. 8.16). Larger tumors are more 


Fig. 8.16 A large, high-reflective, exophytic RCC (arrow). 
Larger tumors are more usually echo- poor (see Fig. 8.17); 
the reflectivity of the lesion does not correlate with the type of 
RCC 


Urology 


112 


Fig. 8.17 a An area of high reflectivity (arrows) within a dilated 
IVC, representing tumor thrombus which has extended from 
the kidney. b The primary tumor in the kidney shows the 
typical hypoechoic pattern seen in larger RCCs (between cur- 
sors). c A large varicocele of the scrotum. Varicoceles may 
occur following obstruction of the left renal vein by tumor- 
thrombus spreading from an RCC 


likely to show hemorrhage or central necrosis. Rimlike 
calcification occurs in a small proportion; however, 
central calcification is more strongly predictive of ad- 
enocarcinoma. The pattern on ultrasound does not bear 
any useful relationship to the type of renal adenocarci- 
noma. Color and spectral Doppler ultrasound features 
of high-velocity and turbulence are nonspecific for ma- 
lignancy,°! though some authors believe Doppler ultra- 
sound is useful in cystic lesions.® 

The differential diagnosis of a solid or partly solid 
mass on ultrasound includes various tumors, hemato- 
mas, infections, and pseudotumors such as a prominent 
column of Bertin. It has been hoped that ultrasound 
microbubble contrast agents would, together with har- 
monic imaging, improve diagnostic certainty with ul- 
trasound, but initial reports show that differential diag- 
nosis remains difficult. This lack of specificity on ul- 
trasound means that all masses should be evaluated 
further with CT or MR imaging. Both CT and MR perform 
equally well in characterizing and local staging of a 
tumor; multichannel helical CT takes less time to ex- 
amine the whole abdomen. 

Local spread of renal adenocarcinoma is into the 
renal vein with progressive extension into the inferior 
vena cava (IVC; Fig. 8.17) or even the right atrium. In- 
deed, late recurrence of tumor can occur within the 
Ivc.% Local spread also occurs to the retroperitoneal 
lymph nodes and into adjacent organs. Fixity of the 
kidney relative to the liver during respiration or ultra- 
sound palpation is a sign of local invasion. Renal ad- 
enocarcinoma may metastasize to any distant organ but 
there is a predilection for lung metastases. 

Percutaneous renal biopsy is not generally indicated, 
as the ultrasound and CT features are sufficient to con- 
firm the need for surgical resection. Those patients who 
are not destined for surgery but still require a histolog- 
ical diagnosis before immunotherapy or chemotherapy 
can undergo a biopsy, usually with accuracy.© 


Renal Pelvic Tumors 


Tumors of the renal pelvis represent 10% of solid renal 
tumors, with the majority of these being transitional 
cell carcinomas (TCCs); the remainder are mostly squa- 
mous cell carcinoma. TCC is much less common in the 
upper renal tracts than in the bladder, as the urothe- 
lium of the upper tracts represents a much smaller 
surface area with urine in contact with it for a shorter 
period than in the bladder. Any patient with TCC of the 
bladder has a 4% risk of developing an upper renal tract 
tumor.°° If the upper tract tumor is the presenting 
lesion, there is a 30% risk of developing a bladder tumor 
and a 6% risk of developing a tumor in the contralateral 
kidney.°” 


Men are affected more often than women, and peak 
incidence is between age 40 and 70. The most common 
presenting symptom is hematuria. There is still debate 
as to whether patients with hematuria should be inves- 
tigated with ultrasound or IVU. However, since upper 
tract TCCs are so much less common than bladder tu- 
mors or renal adenocarcinomas, most authorities agree 
that ultrasound should be the primary imaging tool.®° 

The ultrasound features of renal pelvic TCC are quite 
variable depending on whether the tumor is sessile or 
papillary and whether it is causing hydronephrosis. 
Large tumors are seen as discrete, low-reflective, solid 
masses within the renal pelvis and may cause dilation 
of the calyces (Fig. 8.18). Blood clots, sloughed papillae, 
and fungus balls may show similar features. Fat within 
the normal renal sinus may appear relatively low-re- 
flective and can mimic tumor. However, posterior 
acoustic shadowing, an indistinct posterior wall, and 
traversing hilar vessels all point to it being a normal 
renal sinus (Fig. 8.18).°° Color Doppler ultrasound does 
not help in the evaluation of TCC, as tumor grade, stage, 
and size are not related to vascularity.” Metastases are 
primarily to lymph nodes, bone, and lung. 


| Lymphoma 


The kidneys do not contain lymphatic tissue. Primary 
renal lymphoma is a contested diagnosis and certainly 
very rare.’' Secondary involvement of the kidney by 
lymphoma, particularly non-Hodgkin lymphoma, is 
seen in up to a third of cases. Ultrasound usually shows 
either multiple, small, low-reflective masses or diffuse 
enlargement of the kidney due to infiltration.’ It is less 
common to find a focal solitary mass.” Rarely, lym- 
phoma may manifest as a rind of low-reflective tissue 
surrounding the kidney. Most diagnoses are made as 
part of CT staging of known disease. 


|_| Metastases 


Autopsy studies show that the kidney is the fifth most 
common site for metastases. However, metastases are 
diagnosed much less commonly during life. The com- 
mon primary sites are lung, breast, and the contra- 
lateral kidney. Ultrasound typically shows multiple 
masses, which are usually low-reflective. Less com- 
monly, a metastasis may present as a solitary renal 
mass (Fig. 8.19). If a patient is known to have another 
primary tumor, even one in remission, then a renal 
biopsy is needed to distinguish a metastasis from a 
renal adenocarcinoma. 
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Fig. 8.18 a A small TCC (arrow) causing obstruction at the 
pelviureteric junction. b A TCC filling and distending the lower 
pole calyx of the kidney (arrow). c Large TCC filling the renal 
pelvis. Note that the posterior margin of the lesion is well- 
defined, with no posterior acoustic shadowing, and there is a 
visible distended calyx. These features distinguish the tumor 
from normal renal sinus fat 
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Fig. 8.19 aA focal mass of mixed reflectivity (between cursors) 
in the right kidney representing a metastasis from a carcinoma 
of the cervix. b MR imaging in the transverse plane, demon- 
strating the metastatic lesion seen on ultrasound (arrow). 
There is a simple cyst, indicated by the well-circumscribed 
area of high signal 


E Sarcoma 


Sarcomas represent only 1% of renal malignancies. The 
ultrasound appearances of a sarcoma are common to 
other tumors and diagnosis is usually only made fol- 
lowing resection. The commonest form of sarcoma in 
the kidney is a leiomyosarcoma which may be solid or 
occasionally cystic.“ Prognosis is poor, with five-year 
survival rates of about a third. 


E Other Rare Renal Tumors 


There are many different tumors that can affect the 
kidney, of which the following are the most common: 
Sarcoid, splenosis, fibroma, leiomyoma, lipoma, heman- 
giopericytoma, hemangioma, lymphangioma, pheo- 


chromocytoma, reninoma, plasmacytoma, carcinoid, 
and adult Wilms tumor. 


Summary points: 

Clinical history and features are needed for diagnosis 
e RCC (represents the vast majority) 

o IGE 


e Lymphoma 
Metastases 
Inflammatory pseudotumours 
Sarcomas and other rare tumors 


© Renal Trauma 


The classification of injuries to the kidney is detailed in 
Table 8.2.’° The majority of traumas to the kidney are 
blunt, such as occur in road-traffic accidents, sports, 
falls, and fights. Kidneys with an underlying pathology 
are more likely to be injured, usually because the kid- 
ney is enlarged and consequently less protected by 
surrounding structures. Patients with hematuria after 
minimal-force, blunt abdominal trauma are particularly 
worthy of suspicion for an underlying pathology.’° Pen- 
etrating injuries are less common and, in the United 
Kingdom, more likely to be iatrogenic after renal biopsy 
or nephrostomy than following a gunshot or stab 
wound (Fig. 8.20). 

CT imaging is the examination method of choice in 
suspected renal trauma because of excellent sensitivity 
and the ability to image trauma to other organs.’” There 
has been a resurgence of interest in the use of ultra- 
sound with the advent of focused assessment sonogra- 
phy in trauma (FAST). Ultrasound has the potential 
advantage of being readily available at the patient’s 
bedside. However, there are limitations. Ultrasound 
visualization of the kidneys may be poor in an immobile 
patient with extensive bruising. Major renal paren- 
chyma injuries may not be visible.” Hemoperitoneum 
cannot be relied on to indicate renal injuries as it occurs 
in less than 50% of renal injuries.’ Ultrasound may 
have a role in the early triage of patients, as, although 
it is often normal in renal trauma, it is more likely to be 
abnormal in category 2 or greater injuries.®° Since a 
negative ultrasound does not exclude renal injury, if 
the clinical and laboratory parameters remain of con- 
cern, a CT examination should be done. 

Intrarenal or extrarenal fluid following trauma may 
represent either blood or urine. Hemorrhage, while still 
fluid, will appear low-reflective. Echoes develop as the 
blood forms a hematoma. Finally, as resolution pro- 
gresses over several weeks, the hematoma again be- 
comes low-reflective and appears as a simple fluid col- 


Fig. 8.20 a CT image of a large perinephric hematoma follow- 
ing placement of a nephrostomy tube (arrow). b Ultrasound 
image of a subcapsular hematoma. The kidney is flattened by 
an echogenic collection of blood 


Fig. 8.21 Perinephric urinoma in a hydronephrotic kidney. 
The clinical history should distinguish this lesion from a post- 
traumatic hematoma 


Table 8.2 Classification of renal injury”? 


Category 1 Minor injuries (75-85%): Contusions, superficial 
lacerations, and small perinephric bleeds. Conser- 
vative management 

Category 2 Major injuries (10%): Deep lacerations communi- 
cating with the pelvicalyceal system. Conservative 


management in most cases 
Category 3 Catastrophic injuries (5%): Shattered kidney and 
renal pedicle injury. Surgical management 
Category 4 = Avulsion of the pelviureteric junction or renal pelvic 


laceration (rare). Surgical management 


Renal Trauma 


lection. Lacerations are seen as linear areas of discon- 
tinuous parenchyma. A subcapsular collection will cause 
the kidney to become flattened. A “shattered” kidney 
will appear as several fragments of disorganized tissue 
in the renal bed surrounded by fluid and hematoma. 

Color Doppler may show if the kidney is still per- 
fused but is not reliable at confirming the converse; 
technical factors may limit the machine’s ability to 
detect blood flow. Penetrating injuries, particularly re- 
nal biopsy, can produce arteriovenous fistulae (AVF). 
Color Doppler will show perivascular tissue vibration 
artifact and spectral Doppler will show high velocities 
in the feeding artery and transmission of pulsation into 
the draining venous spectral Doppler waveform. Mus- 
cular crush injuries cause rhabdomyolysis and secon- 
dary renal failure. The renal resistive index provides 
prognostic information in this circumstance.*! 

It has been advocated that ultrasound is a good tool 
to follow up the resolution of perinephric collections 
(Fig.8.21) and perfusion anomalies. However, if the 
clinical course is uncomplicated following blunt ab- 
dominal trauma, follow-up imaging does not aid man- 
agement.®? Drainage of symptomatic perinephric col- 
lections can be guided percutaneously by ultrasound. 


Summary points: 

e Underlying pathology makes renal damage more 
likely 
FAST has a role in immediate triage 


Ultrasound is poor at detecting renal injuries 
Hemoperitoneum occurs in less than 50% of renal 
injuries 

Color Doppler can confirm perfusion of the kidney 
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9 Diseases of the Collecting System and Ureters 


P. L. Allan 


E Introduction 


The pelvicalyceal system and ureter transport urine 
from the collecting tubules in the renal medullary pyr- 
amids to the bladder. The renal pelvis and calyces lie in 
the center of the kidney, surrounded by the fat of the 
renal sinus, which also contains the segmental arteries 
and veins. 


ma Obstruction 


One of the most common reasons for requesting a renal 
tract ultrasound is to confirm or exclude obstruction, 
either as a cause of renal failure or as a source of 
possible renal colic. Obstruction can be acute, as in 
the case of an impacted ureteric calculus, or develop 
more slowly, as in cases of ureteric transitional cell 
carcinoma (TCC). It is important to distinguish between 
dilatation of the collecting system due to obstruction 
and nonobstructive dilatation, which can result from 
several causes, including diuresis or a distended blad- 
der; these situations are discussed in more detail below. 
Conversely, significant obstruction may be present with 
only minimal dilatation of the collecting system; this 
situation occurs most commonly with recent acute ob- 
struction but can also be seen in cases of retroperitoneal 
fibrosis. Therefore, although ultrasound is sensitive for 
the detection of renal dilatation, it is essential that the 
ultrasound appearances are interpreted in the light of 
the clinical picture, rather than in isolation.' 


ma Acute Obstruction 


In the early stages of acute, severe obstruction, there 
may be a reflex decrease in the production of urine,” 
which can last for two to three hours. This means that 
significant dilatation of the pelvicalyceal system may 
not be apparent in these early stages? and a repeat 
ultrasound examination five to eight hours after the 
onset of symptoms should be considered in appropriate 
cases. 

The earliest sign of obstruction on ultrasound is 
“splitting” of the collecting system within the sinus 
fat.4 This becomes more marked if significant obstruc- 


tion persists, with increasing prominence of the collect- 
ing system (Fig.9.1). In addition, the high intrarenal 
pressure can produce some thinning of the parenchyma 
and an increase in overall renal size; both of these will 
return to normal after early relief of the obstruction. 
Extravasation of urine into the perirenal tissues may 
occur if obstruction persists, in one study with com- 
puted tomography (CT), 22% of patients had moderate 
or severe perinephric fluid collections after four hours 
of obstruction.° This perinephric fluid can also be iden- 
tified on ultrasound (Fig.9.2) and in a few cases a sig- 
nificant urinoma may develop. 

Once pelvicalyceal dilatation has been identified, it is 
important to try and ascertain the level of obstruction 
and, if possible, the cause. In the first instance it is 
worth looking in the pelvis, as a dilated lower ureter 
with a calculus (Fig. 9.3) or a pelvic mass may be iden- 
tified behind the bladder; alternatively a bladder tumor 
may be seen. Careful scanning of the para-aortic and 
paracaval areas may show a dilated ureter, or identify a 
mass causing the obstruction; although overlying 
bowel gas makes visualization of these areas more dif- 
ficult. 

In patients with a duplex system (see below), only 
one of the moieties may be affected by obstruction and 
distinction from changes resulting from reflux will de- 
pend on the clinical situation. 

The use of ultrasound together with a plain film of 
the abdomen and pelvis (kidneys, ureter, bladder 
[KUB]) has been shown to be accurate in the diagnosis 
of renal colic and is a viable alternative to the intra- 
venous urogram for the diagnosis of ureteric colic aris- 
ing from calculi.® 

An obstructed system is often infected to a greater or 
lesser degree. If the obstruction is not relieved, this can 
result in pyonephrosis, which, in turn, can produce 
septicemia. Pyonephrosis is recognized on ultrasound 
by identification of echogenic material within the di- 
lated collecting system (Fig.9.4); some layering out of 
the debris may also be observed.’ In patients with in- 
fection by gas-forming bacteria, emphysematous pyeli- 
tis, the gas can obscure the view of the dilated collect- 
ing system unless an appropriate scan plane is used to 
scan from the side rather than from a superior ap- 
proach. Debris may not be apparent in some patients, 
leading to a false negative examination; conversely 
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Fig.9.1 Varying degrees of obstructive dilatation of the 
collecting system. a Mild. b Moderate. c More marked 
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Fig. 9.2 Mild to moderate splitting of the pelvicalyceal sys- Fig. 9.3 A calculus (arrow) in a dilated ureter impacted at 
tem in a patient with acute ureteric obstruction with a the vesicoureteric junction (VUJ) 
small collection of urine at the lower pole (arrow) 


Fig. 9.4 Pyonephrosis. a Original scan showing hydrone- 
phrosis with some associated loss of cortex. This was treated 
with nephrostomy and ureteric stenting. b One year later the 
patient presented with septicemia and features suggestive of a 
pyonephrosis on ultrasound. This was secondary to a blocked 


echoes may be seen in a dilated, but uninfected, renal 
pelvis as a result of hemorrhage. It is therefore impor- 
tant to carry out diagnostic aspiration if infection is 
suspected on clinical grounds. 


E Other Ultrasound Techniques in the Diagnosis 
of Obstruction 


Other ultrasound techniques which may be used in the 
assessment of possible acute ureteric obstruction in- 
clude assessment of the intrarenal resistive index (RI), 
identification of ureteric jets in the bladder, and di- 
uretic-enhanced sonography. 

Doppler findings: The pathophysiological effects aris- 
ing from acute obstruction are complex.’ There is a 
transient increase in renal blood flow two to four hours 
after the onset of obstruction; following this, three to 
five hours after obstruction, various circulating and 
local factors produce vasoconstriction. If obstruction 
persists, then profound renal vasoconstriction develops 
after 18-24 hours which persists until the obstruction is 
relieved. Even then, residual long-term damage may 
result from this relative ischemia. In addition, dilatation 
of the collecting system resulting from acute obstruc- 
tion produces an increase in intrarenal pressure. These 
changes result in a decrease in diastolic arterial blood 
flow, which occurs approximately six hours after the 
onset of obstruction and can be detected by an increase 
in the RI in the intrarenal arteries;? the measurement 
should be made in the segmental, interlobar, or arcuate 
arteries, as the RI tends to be higher in the larger vessels 
at the renal hilum. In nonobstructed kidneys without 
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stent. A nephrostomy was inserted, the pus drained, and the 
patient improved. Thick turbid echoes (arrows) can be seen in 
both the renal pelvis and calyces consistent with pus. Cf. the 
“clean” hydronephrosis in a 


any other pathology, the RI is < 0.7 and the difference 
between the RI for the two kidneys is < 0.1. An RI > 0.7 
and/or a difference of > 0.1 in the RI between the two 
kidneys (Fig.9.5) is therefore indicative of obstruc- 
tion.4101! 

It should be remembered that the RI tends to in- 
crease with age, and values of 0.7, or higher, are not 
excessive in a 70-year-old patient;!* in this situation, 
the difference in RI between the two sides is therefore 
the more important criterion for diagnosis. Similarly, 
the RI in young children (<4-5 years) is relatively 
high.” In very early cases of obstruction, the RI may 
not yet have increased for the reasons described 
above.® The presence of parenchymal disease may 
also lead to an increase in the RI, although the changes 
are bilateral in these cases and there is no significant 
difference between the two sides. The use of nonster- 
oidal anti-inflammatory drugs (NSAIDs) to treat the 
pain of renal colic has been shown to decrease the RI 
in obstructed kidneys, and although a difference be- 
tween the obstructed and nonobstructed sides persists, 
this is less marked than in untreated patients.'*° 

Ureteric jets: Examining the lower bladder with color 
Doppler will show jets of urine coming from the ure- 
ters. The frequency of these depends on the degree of 
hydration/diuresis of the patient, but in normal circum- 
stances they should be symmetrical in shape and of 
similar frequency bilaterally (Fig.9.6).'° The presence 
of an obstructing calculus will reduce the frequency, or 
stop these jets; edema of the vesicoureteric junction 
(VUJ) can result in alteration to the shape and direction 
of the jets (Fig. 9.7). It has been noted that pressure 
from the uterus can affect the ureteric jets on one side 
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Fig. 9.6 Normal, symmetrical ureteric jets in the bladder 
(arrows) 


or the other,'® and third trimester patients with possi- 
ble renal colic should be examined in the decubitus 
position to relieve this pressure.'? Congenital abnor- 
malities of the VUJ may also result in abnormally 
shaped, or misdirected jets. 

Diuretics: Diuresis-enhanced ultrasound of a kidney 
with possible obstruction may occasionally be of value. 
If there is minimal dilatation of the collecting system 
but a strongly suggestive history for obstruction, or if 
there is difficulty in distinguishing between a possible 
parapelvic cyst and an obstructed system, then scan- 
ning after a fluid load and an injection of a diuretic 
(40 mg frusemide) may show a distinct increase in the 
degree of dilatation in the presence of obstruction.”° 
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Fig. 9.7 A transverse scan of the bladder showing a calculus 
impacted at the right VUJ (arrow). Despite scanning for 
several minutes a right ureteric jet was not identified 


Measurement of the RI in the affected kidney may also 
show an increase in the presence of obstruction to 
> 0.75, whereas the RI in an unobstructed kidney will 
remain below this level.?! 


Chronic Obstruction 


In long-standing, severe obstruction there is loss of 
parenchyma due to atrophy, which can be variable in 
extent. Dilatation of the collecting system is variable 
but can be very marked.* In some severe cases, no 
recognizable cortex remains and a cystic mass repre- 
sents the massively dilated collecting system (Fig. 9.8). 


Pelvicalyceal Dilatation Without Obstruction 


It is important to distinguish between obstructive and 
nonobstructive dilatation of the collecting system: The 
former needs continuing monitoring and possible in- 
tervention, whereas, with the latter, time can be taken 
to discover the cause and subsequent management 
decisions can be made at a more leisurely pace. 

Asymptomatic dilatation of the renal collecting sys- 
tem is not uncommon in pregnancy; it can be detected as 
early as 12-14 weeks gestation. By 36 weeks gestation, 
dilatation can be seen in two thirds of subjects more 
commonly on the right side.?”? This is due to a variety 
of factors, including a 20-25% increase in the circulat- 
ing blood volume, increased cardiac output, generalized 
vasodilatation, and parenchymal hypertrophy. In addi- 
tion, the presence of a large pelvic mass in the later 
stages of pregnancy and hormonal factors all contribute 
to dilatation of the renal collecting systems. Following 
delivery, the renal parenchymal volume returns to nor- 
mal within a few days, although the collecting system 
changes can take a few weeks and some residual prom- 
inence may persist for longer. A diagnostic dilemma can 
occur if a pregnant woman develops symptoms that 
may be due to renal colic. Intrarenal resistance indices 
are not normally altered by pregnancy,7*° so assessing 
the inter-renal RI difference (see above) may be of value 
in this type of case as they should be equal and similar 
to those of a nonpregnant woman; a difference of > 0.1 
between the two kidneys would be indicative for ob- 
struction. Examination of intravesical ureteric jets may 
also contribute to the diagnosis but, as noted above, 
care is required in making the assessment.!*!9 

In patients with a fluid load, diuresis, and a full 
bladder, there is physiological dilatation of the pelvica- 
lyceal system (Fig.9.9). In these circumstances, the 
bladder should be emptied and the kidneys re-exam- 
ined: Normal kidneys should show a marked improve- 
ment in the degree of dilatation. 

In children particularly, prominent vessels in the 
renal sinus may cause problems but these can be iden- 
tified easily on spectral or color Doppler (Fig. 9.10);7° 
very occasionally an intrarenal artery aneurysm may 
cause a problem. A prominent extrarenal pelvis, or 
parapelvic cysts may also produce an appearance sug- 
gestive of dilatation, but careful scanning should re- 
solve these problems: In cases of obstruction the cystic 
areas in the kidney are seen to be in continuity with 
each other, whereas with parapelvic cysts these will 
appear separate. If concern persists, then scanning fol- 
lowing a fluid load and administration of a diuretic may 
clarify the situation.7° Other abnormalities in the region 
of the collecting system can simulate obstruction. These 
include papillary necrosis, reflux nephropathy, and ca- 
lyceal diverticula. 
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Fig. 9.8 Chronic obstruction resulting in marked dilatation 
of the collecting system and atrophy of the renal paren- 
chyma 
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Fig. 9.9 Renal collecting system dilatation in a patient with 
retention. a Dilated bladder of more than 1100 mL. b Mild 
dilatation of the collecting system which resolved following 
catheterization 
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Fig. 9.10 a There is some apparent splitting of the renal sinus echoes. b Color Doppler shows that this appearance is due to 
prominent blood vessels, rather than to a dilated collecting system 


Fig.9.11 An intrarenal calculus (arrow) showing dense, 
“clean” acoustic shadowing 


Calculi 


Renal calculi form in the pelvicalyceal system, where 
they can cause problems with infection and hemor- 
rhage. If they pass down into the ureter, they produce 
obstruction which may be partial or complete. Hema- 
turia can also result from damage to the ureteric mu- 
cosa. Stasis, infection, and imbalance of urinary miner- 
als can all predispose to calculi. They are more common 
in males (2-4:1), Caucasians, and in warm countries, 
where a degree of dehydration is more likely. They are 
usually formed from minerals containing calcium, 
phosphate, urate, or cysteine. 

On ultrasound, tiny calyceal calculi of < 2-3 mm may 
be difficult to distinguish from the surrounding renal fat 
as they are smaller than the ultrasound beam width and 
will not cast an acoustic shadow;?’ ultrasound will 
therefore miss a significant proportion of these small 
calculi.?* Larger intrarenal calculi will be seen as echo- 
genic foci with well-defined, “clean,” acoustic shadows 
(Fig. 9.11) and ultrasound will detect some 90% of calculi 
>5 mm.”° Conversely, large staghorn calculi in the renal 
pelvis may be overlooked for two reasons: Firstly, they 
are so large and echogenic that the unwary mistake 
them for renal sinus fat; secondly, some are made up 
of softer aggregates of mineral and debris and may be 
surprisingly trans-sonic in nature (Fig.9.12).?° Whilst 
calculi can be identified in the calyces and renal pelvis, 
they are more difficult to identify within the ureters, as 
these are often obscured by bowel gas. In the pelvis, they 


Fig. 9.12 A staghorn calculus showing acoustic shadowing 
from much of the area of the renal sinus. (Image courtesy of 
Dr. S.A. Moussa) 


may be identified in the region of the VUJ, if impacted in 
a patient with renal colic (Figs. 9.3 and 9.7). 

Many renal calculi and some ureteric calculi are 
treated with extracorporeal shock-wave lithotripsy 
(ESWL) and ultrasound is valuable for localizing the 
calculi during therapy sessions, as well as identifying 
problems following treatment. Foremost amongst these 
is the development of ureteric obstruction following 
fragmentation of an intrarenal calculus.” 


Summary points: 

e Hydronephrosis can be easily diagnosed with ultra- 
sound. However, it cannot distinguish obstructed 
from nonobstructed systems—clinical correlation is 
required 

e In suspected pyonephrosis diagnostic aspiration + 
drainage is required 


e RI maybe helpful in differentiating obstructive from 
nonobstructive hydronephrosis 

e Ultrasound should be able to differentiate a prom- 
inent extrarenal pelvis or parapelvic cyst from pel- 
vicalyceal dilatation in the majority 

e Ultrasound can miss small calculi (< 2-3 mm) and 
huge staghorn calculi in the kidney 


Ma Congenital Abnormalities 
E Duplex Systems 


Partial duplex collecting systems are not usually recog- 
nized on ultrasound, but full duplex systems may be 
identified by division of the renal sinus into two com- 
ponents with parenchymal tissue lying between them 
(Fig. 9.13); a double renal pelvis may also be identified if 
the collecting systems are prominent due to diuresis or 
a degree of obstruction. Often, however, an uncompli- 
cated duplex system will not be recognized on ultra- 
sound. Significant duplex systems occur in about one in 
150 births, they are more common in females and are 
usually unilateral (6:1 unilateral:bilateral).?? The ure- 
ters may join somewhere along the length of their 
course, or be inserted separately into the bladder; in 
this case the upper moiety ureter is inserted into the 
bladder more inferiorly. In males it is always inserted 
above the external sphincter, but in females it may 
insert into the urethra or the vagina, producing incon- 
tinence. The upper moiety (lower ureteric insertion) is 
more often associated with obstruction and uretero- 
celes, whereas the lower moiety (upper insertion) is 
more prone to reflux as it tends to have a shorter intra- 
mural course in the bladder. Duplex systems can show 
differential changes in cases of obstruction and reflux 
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Fig. 9.13 Duplex collecting system with clear interruption 
of the sinus echo complex (arrow) 


with the two components being affected differently, so 
that only one moiety shows dilatation or scarring. With 
severe changes, it may be difficult to distinguish the 
affected moiety so that the presence of a complicated 
duplex kidney is not recognized. 


E Ectopic Ureters and Ureteroceles 


Ectopic insertions of the ureters into the bladder may 
be associated with single ureters as well as duplex 
systems; 10% are bilateral and they are more common 
in females (7:1).”? In many cases, ectopic ureters do not 
cause problems and may only be recognized inciden- 
tally if ureteric jets are being checked in cases of pos- 
sible obstruction, in which case an abnormal location 
may be recognized; abnormalities of direction and 
shape of the jet may also be apparent. The point of 
insertion into the bladder is usually inferior to the 
normal site and may even be into the urethra or vagina, 
which results in incontinence in females as noted 
above. 

Simple ureteroceles occur at normally sited ureteric 
insertions and ectopic ureteroceles at abnormally sited 
insertions. Ureteroceles are more common in females 
(4:1) and 10% are bilateral.?? The abnormal insertion of 
the ureter into the bladder results in an intravesical 
segment of dilated terminal ureter, which can be seen 
on or behind the posteroinferior wall of the bladder. It 
may be seen to change in size with ureteric peristalsis. 


E Vesicoureteric Reflux 


Vesicoureteric Reflux (VUR) is due to a congenital ab- 
normality at the VUJ, with the ureter taking a less 
oblique intramural course which allows reflux of urine 
into the ureter as bladder pressure rises. The prevalence 
of VUR in normal children has been estimated to be 
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0.4-1.8%, but a review of the literature suggests that the 
true prevalence may be significantly higher than tradi- 
tional estimates.*? It is more common in boys than girls 
but in many cases the reflux is mild and resolves by age 
two years.** However, it is important to distinguish 
between simple reflux and reflux nephropathy, in 
which scarring of the renal parenchyma results from 
intrarenal reflux associated with infection. Renal scar- 
ring is most likely to occur in children with VUR if they 
get a urinary tract infection (UTI) during the first six 
months of life; it is rare for it to occur in children over 
age five, but they remain vulnerable.?° 

Detection of VUR has primarily been by micturating 
cystography with five grades of reflux recognized.*° 
More recently it has been proposed that instilling an 
ultrasonic contrast agent instead into the bladder and 
scanning the retrovesical and renal areas during mic- 
turition allows detection of reflux by the presence of 
contrast echoes in the retrovesical lower ureters or in 
the collecting system. This is particularly useful as a 
screening tool to identify children with reflux as it 
does not involve radiation. Those who have a positive 
or borderline result can then go on to other imaging as 
necessary.’ It has been shown that the use of harmonic 
imaging to detect contrast agent further improves de- 
tection.’ As an alternative, color Doppler can also be 
used with or without echo-enhancing agents to detect 
VUR into the kidneys.?9*° 


Pelviureteric Junction Obstruction 


Pelviureteric junction (PUJ) obstruction is usually con- 
genital in origin, and abnormalities of the ureteric mus- 
culature can be seen histologically at the point of nar- 
rowing with a preponderance of longitudinal fibers and 
a reduction or absence of circular muscle fibers." It can 
also result from adhesions, aberrant vessels,“ and kink- 
ing of the upper ureter. It must be distinguished from a 
prominent, ectatic extrarenal pelvis, or a parapelvic 
cyst. In cases of true PUJ obstruction, there is associated 
dilatation of the intrarenal component of the collecting 
system, including the calyces, whereas in a case of an 
ectatic extrarenal pelvis these are normal. Assessment 
of the RI before and after a fluid load and injection of a 
diuretic may also be of value in distinguishing an ob- 
structed system.” 


= Congenital Megaureter 


Congenital megaureter is a dilated but unobstructed 
ureter with no apparent cause, often without reflux 
and with normal renal function. In some cases it can 
be attributed to an adynamic segment of the lower 


ureter. It should be distinguished from ureteric dilata- 
tion secondary to bladder outlet obstruction, reflux, or a 
ureterocele. It is important that reflux or obstruction are 
excluded as patients with asymptomatic, nonobstruc- 
tive dilatation can then be managed conservatively.*# 


Summary points: 

e A duplex collecting system may result in inconti- 
nence in the female depending upon site of ureteric 
insertion 


e Ureteroceles are commoner in females 

e Renal scarring secondary to infection and VUR is 
uncommon after age five years 

e Ultrasonic contrast agents maybe helpful in the di- 
agnosis of VUR 


[= Tumors of the Collecting System 
and Ureters 


a Transitional Cell Carcinoma 


Transitional cell carcinomas (TCCs) account for some 
90% of uroepithelial tumors. They can affect any part 
of the urinary tract from the calyces down to the blad- 
der. They may present with hematuria or obstruction, 
depending on their location and size. Small pelvicalyceal 
tumors are not usually apparent on ultrasound unless 
there is dilatation of the collecting system. One study 
reported that ultrasound picked up only 36% of cases, 
whereas retrograde pyelography identified 89%;*° 
larger lesions may be seen as a hypoechoic mass within 
the renal sinus area (Fig.9.14), but distinction from a 
RCC may be impossible based on the ultrasound appear- 
ances. In addition, differentiation of associated blood 
clot may be difficult. As with bladder TCCs, encrustation 
of the tumor surface with mineral deposits may occur, 
leading to confusion with an intrarenal calculus.*® Small 
lesions may produce localized dilatation of calyces or of 
a portion of the pelvicalyceal system. Infiltrative forms 
of the tumor replace sinus fat, have ill-defined margins, 
and tend to preserve the reniform shape of the kid- 
ney;*” however, it is difficult to distinguish them from 
other infiltrative processes such as lymphoma. 

Ureteric TCCs are more difficult to identify as much 
of the ureter may be obscured by bowel gas. They 
usually present with hematuria or flank pain, and ultra- 
sound will show a varying degree of dilatation of the 
collecting system and the ureter above the lesion. If the 
lesion is identified, it appears as an intraluminal, hypo- 
echoic, soft-tissue mass,*® but careful, persistent scan- 
ning may be required to show these lesions. 


a Other Malignant Lesions 


Approximately 10% of primary uroepithelial malignan- 
cies are squamous cell tumors; adenocarcinomas ac- 
count for less than 1% of lesions. Lymphoma can affect 
the kidney diffusely or as a focal lesion, and distinction 
from other pathologies is usually not possible on the 
ultrasonic appearances of the kidney alone.*® 

Secondary tumors arising within the ureters or renal 
pelvis are rare, but obstruction of the ureters by extrin- 
sic malignant disease in the para-aortic or pelvic re- 
gions is a common cause of obstruction in oncological 
practice. 


8 Miscellaneous Disorders 
a Retroperitoneal Fibrosis 


Retroperitoneal fibrosis results from a chronic inflam- 
matory and fibrotic process which extends through the 
retroperitoneal tissues, usually in a perivascular distri- 
bution;°° as regards its cause, there is evidence of an 
underlying immune reaction. This can be primary, 
when it may be stimulated as a reaction to atheroma 
and its constituents, or secondary to a wide variety of 
inflammatory and infective conditions. The chronic in- 
flammatory process can also be triggered by malig- 
nancy and some drug therapies, such as methysergide. 

The ureters are involved in the inflammatory and 
fibrotic process, usually in the middle third but it can be 
anywhere along their course. CT is the modality of 
choice for assessment, but ultrasound can show an 
extensive, well-defined, smooth-margined, retroperito- 
neal mass centered over the sacral promontory and 
enveloping the aorta and inferior vena cava (IVC), ob- 
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Fig. 9.14 Two examples of TCC in the renal pelvis. a An ill- 
defined mass amongst the sinus echoes (arrow). b A similar 
area of low echogenicity in the upper renal sinus echoes in a 
different kidney (arrows) (Courtesy of Dr. S.A. Moussa) 


literating adjacent tissue planes.*! Associated dilatation 
of the renal pelvicalyceal system will also be seen in the 
majority of patients, but retroperitoneal fibrosis can 
produce significant functional obstruction with only 
minimal hydronephrosis,” and is a recognized cause 
of a false negative diagnosis of obstruction with ultra- 
sound. This finding is thought to be because the ob- 
struction is functional in nature with loss of peristaltic 
activity in the ureter as a result of inflammation, rather 
than a structural stenosis secondary to fibrosis within 
the ureter.°° 


E Inflammatory Disorders of the Ureters 


A wide variety of disparate disorders, predominantly 
inflammatory, may affect the ureters.” These condi- 
tions usually produce changes in the bladder and renal 
pelvicalyceal system, although local inflammatory 
processes in the retroperitoneum may affect the ureter 
directly. Acute edematous inflammation may go on to 
fibrotic change, with resultant stricture formation and 
obstruction. In acute inflammation, ureteric peristalsis 
may be impaired significantly as a result of mural in- 
flammation or bacterial endotoxins; this results in di- 
latation of a functional nature. 

These inflammatory disorders include infections 
such as acute pyelonephritis, tuberculosis, schistoso- 
miasis, and cytomegalovirus in immunocompromised 
patients; radiation ureteritis may result from para- 
aortic or pelvic treatments. However, specific details 
of changes within the ureter are not visible on ultra- 
sound and the resulting dilatation of the pelvicalyceal 
system is the main feature on examination.>? Other 
inflammatory conditions which may affect the ureter 
include malacoplakia, keratinizing desquamative squa- 
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mous metaplasia (KDSM), eosinophilic segmental ure- 
teritis, and ureteritis cystica 


Summary points: 

e Ultrasound is poor in the detection of TCC of the 
renal tract 

e Secondary tumors of the ureter and renal pelvis are 
rare; extrinsic ureteric compression is common in 


oncological practice 

e Retroperitoneal fibrosis may be primary or secon- 
dary 

e Hydronephrosis maybe absent on ultrasound despite 
significant functional obstruction in retroperitoneal 
fibrosis 
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10 Diseases of the Bladder and Prostate 


U. Patel 


= Introduction 


Of all the radiological modalities, ultrasound is ideally 
suited for evaluation of the lower urinary tract, as it 
does not involve ionizing radiation, is reproducible and, 
apart from transrectal ultrasound (TRUS), is a noninva- 
sive investigation. As a screening or first-line examina- 
tion, ultrasound is unrivaled. The present chapter will 
detail the diagnostic value of lower urinary tract ultra- 
sound. 


= Anatomy of the Bladder and Prostate 
a The Urinary Bladder 


The bladder develops from the urogenital sinus, but the 
base (or bladder trigone) is of mesonephric duct origin. 


The median umbilical ligament is a fibrous cord ante- 
rior to the bladder and develops from the urachus. 
The bladder lies centrally in the pelvis! and, 
although extraperitoneal, the peritoneum reflects over 
its superior surface (Fig. 10.1). The bladder base or trig- 
one lies inferiorly and is indistinguishable from the rest 
of the bladder, except it may be slightly raised, partic- 
ularly in the male because of the prostate gland. The 
ureters enter the trigone approximately 2 cm either 
side of the midline and are identifiable as a slight “cor- 
rugation” as they traverse diagonally through the blad- 
der wall. With full distension, the normal bladder neck 
may be seen as a slightly open funnel at the base of the 
bladder. These structures, the trigone, ureters, and 
bladder neck, are the only fixed landmarks seen on 
bladder ultrasound. The bladder wall is muscular and 
has three parts: The outer longitudinal muscle layer, the 
middle circular muscle, and an inner longitudinal layer. 


Parietal 
peritoneum 
Ureter 


Detrusor muscle 
Ureteric openings 
Trigone 
Bladder neck 
Internal urethral sphincter 
Prostate gland 
Prostate urethra 
Membranous urethra 
External urethral sphincter 
Urogenital diaphragm 
Bulbourethral gland and duct 
Bulb of penis 

Crus of penis 


Spongy (penile) urethra 


Erectile tissue of penis 


External urethral orifice 


Fig. 10.1 Depiction of the gross 
anatomy of the male (a) and 
female (b) bladder 


Urethra 


Symphysis pubis 


Obturator internus 


Urethra 
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Fig. 10.2 Anatomical depiction 
of the prostate gland. a Axial 
plane. b Coronal plane 
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The urothelium (transitional cell epithelium) lines the 
inner muscle layer and is continuous with the urothe- 
lium of the ureters and urethra. The muscles around the 
bladder neck fuse to form the internal urethral sphinc- 
ter, which encircles the upper prostatic urethra. In the 
female the external urethral sphincter lies just below 
the bladder neck and the uterus posteriorly; in the male 
the prostate gland lies between the bladder neck and 
the external urethral sphincter, with the seminal 
vesicles and rectum as the posterior structures (the 
rectovesical pouch lies in between). 


i The Prostate 


Embryologically, the prostate gland develops from out- 
growths of the urogenital sinus and the embryological 
prostatic urethra. 


E Gross Anatomy of the Prostate 


Postpuberty the gland has a volume of up to 25 mL. The 
prostate gland measures approximately 3.5cm in 
length or height, 4.0 cm in width, and 2.5 cm anteriorly 
to posteriorly in depth, or the size and shape of a wal- 
nut. For unknown reasons, though presumably hor- 
mones play a role, the prostate gland increases in size 
and changes shape with age unless the man has been 
castrated before puberty, in which case the gland does 
not mature. 

The prostate gland is a retroperitoneal structure, 
lying anterior to the rectum and inferior to the bladder 
(Fig. 10.2). Between the gland and the rectum lies De- 
nonvillier fascia; this is an obliterated peritoneal plane. 
The shape of the prostate gland conforms to the ana- 
tomical limitations of the deep pelvic boundaries and 
has the appearance of an inverted cone or pyramid. On 
the sides of the prostate gland lie the levator ani and 
obturator internus muscles. The superior margin, or the 
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Transition zone 


Central zone 


Peripheral zone 


Anterior fibromuscular stroma 


Fig. 10.3 Anatomical depiction of the zonal anatomy of the 
prostate gland 


base of the prostate gland, lies immediately below the 
bladder. The most inferior part of the prostate gland, 
paradoxically the apex of the gland, lies just above the 
urogenital diaphragm, a fibrous supporting ring which 
also contains the urethra and the external urethral 
sphincter. The “prostate capsule” is not a true fibro- 
elastic capsule but a loose compression of the peripros- 
tatic fat and stroma, through which pass the neuro- 
vascular bundles and the ejaculatory ducts. 

The deep pelvis is a restricted space and insufficient 
to accommodate significant prostate gland enlarge- 


ment. Beyond a certain size, the prostate gland will 
preferentially enlarge superiorly, protruding into the 
bladder base, the so-called median lobe enlargement. 
In the past, the prostate gland was considered a lobar 
structure, with right and left lobes, and a midline me- 
dian lobe. Lobar anatomy is no longer thought to be an 
accurate representation in the adult, and the gland is 
now split into glandular zones. The neurovascular bun- 
dles contain the branch arteries, veins, and nerves, and 
lie posterolaterally. 


Zonal Anatomy of the Prostate 


Anatomically the gland may be divided into zones,” 
which is more important than the gross anatomy, as 
zonal anatomy may be visualized on ultrasound and has 
a bearing on disease distribution and biopsy technique. 
Three glandular zones may be defined: The central, the 
peripheral, and the periurethral transition zones. There 
is a further anterior nonglandular area called the fibro- 
muscular stroma (Fig.10.3). The line between the pe- 
ripheral and central/transition zones, referred to as the 
“surgical” capsule, separates the inner from the outer 
gland of the prostate and represents the line of dissec- 
tion during certain surgical operations. 

The peripheral zones account for 75% of the prostate 
mass in young men, but with increasing age the transi- 
tional zone increases in size due to benign prostatic 
hyperplasia (BPH) whilst the central zone atrophies 
and the peripheral zone remains static. Therefore, for 
clinical purposes the important regions are the periph- 
eral and transition zones. A separate terminology di- 
vides the gland into the peripheral and central glands 
(or the outer and inner glands), indicating that it is 
impossible to identify the central zone as a separate 
structure. The peripheral and central zones are termi- 
nologically incorporated into a single unit, namely the 
peripheral or outer gland. 


Summary points: 

e The prostate gland is split into three glandular zones: 
Central, peripheral, and transition zones 
The prostate gland has the appearance of an in- 
verted pyramid 
The prostate gland has a normal volume of 25 mL 


The prostate gland capsule is not a true fibroelastic 
capsule but is made up of periprostatic fat and 
stroma 

The line between the peripheral and central/transi- 
tional zones (surgical capsule) separates inner from 
outer gland 


m Anatomy of the Prostatic Urethra 


The prostatic urethra runs in the midline through the 
gland from the base of the bladder to the urogenital 
diaphragm (Figs. 10.2, 10.3). The prostatic urethra has 
no lumen at rest, but during micturition the cross-sec- 
tional area varies from round to triangular in the mid- 
portion. The triangulated portion is the verumontanum, 
and the ejaculatory ducts drain at this site. There is a 
variable amount of smooth muscle around the urethra 
and together with the urothelial margin, despite being 
collapsed; the urethra is visible on ultrasound. The ex- 
ternal sphincter, and to a lesser extent the bladder neck, 
maintain continence. 


H Anatomy of the Seminal Vesicles 
and Ejaculatory Ducts 


The seminal vesicles are paired sacs of variable shape 
and size that lie behind the bladder and above the 
prostate gland (Figs. 10.2, 10.3). A degree of asymmetry 
is common. Embryologically, the seminal vesicles rep- 
resent outsourcings of the vasa deferens and when fully 
formed merge with the vas deferens to form the ejac- 
ulatory ducts, which enter the base of the prostate 
gland. The ejaculatory ducts run through the prostate 
in the central zone, in a close midline position. The 
normal nondilated ejaculatory ducts are difficult to 
separate from each other and commonly the two are 
referred to as the ejaculatory duct complex. The course 
of the ejaculatory ducts is anterior and they communi- 
cate with the posterior urethra at the verumontanum. 


Ultrasound of the Bladder 
and Prostate Gland 


Functionally the bladder and prostate gland are inti- 
mately linked, but ultrasound examination of the two 
requires separate approaches; transabdominal ultra- 
sound imaging for the bladder and TRUS imaging for 
the prostate gland. Although in certain situations the 
alternative ultrasound imaging approach may be infor- 
mative for either structure. 


E Ultrasound of the Bladder 

Technique (Table 10.1) 

A full bladder is essential and a 3.5-5 MHz curved array 
probe is used. Only in a well-distended bladder can wall 


abnormalities be recognized, otherwise apparent focal 
wall masses or diverticula may be simulated by invagi- 


Ultrasound of the Bladder and Prostate Gland 


Table 10.1 Ultrasound of the bladder 


Preparation: Full bladder; at least 200 mL, preferably > 400 mL 


Position: Supine (or oblique/decubitus) 

Transducer: 3.5-5 MHz curved array transducer. 7.5-10 MHz 
may be useful for the anterior wall (+ harmonic/ 
pulse- inversion imaging) 

Method: Image systematically in both axial and longitudinal 
planes 

Images: Axial and longitudinal positions 

Assess: 


1. Bladder wall 
a) Thickness: Normally < 3 mm (range: 3-5 mm) when well- 
distended 
b) Trabeculation 
c) Focal masses: Location, solid or cystic, continuation above 
bladder wall, acoustic shadowing, mobile (use decubitus 
imaging) 
2. Diverticula 
Location, size of diverticulum and neck, calculus, or mass within 
3. Bladder base 
a) Ureteric orifices and intramural ureter, calculi, ureterocele, 
jets 
b) Bladder neck 
c) Base elevation; prostate enlargement 
4. Scrutinize the blind areas (+ harmonic/pulse-inversion imaging) 
a) Assess anterior wall using a 5-7.5 MHz transducer 
b) Lateral walls; angulate the transducer 
c) Bladder base: Transrectal transducer if suspicion persists 
5. Bladder volume = height x width x depth x 0.52 
6. Urinary flowmetry and postvoid residue (if appropriate) 


nations of the bladder wall. Supine position is adequate, 
but lateral scanning can help identify mobile calculi. A 
systematic method should be used: First the bladder is 
imaged in an axial plane and note made of any asym- 
metry of the wall. The normal bladder wall is smooth and 
thin. The normal wall thickness is quoted as 3-5 mm and 
measures < 3 mm when well-distended.* Next, the blad- 
der is imaged in the longitudinal plane. Asymmetry of 
the bladder wall is again assessed. In the midline, the 
bladder neck is seen as a short funnel. The lower ureters 
should be particularly scrutinized and both axial and 
longitudinal views are useful. Again, asymmetry is im- 
portant and calculi lodged in the ureters may be sus- 
pected by a prominence of the intramural portion of the 
ureters. Transrectal imaging may also be used to visual- 
ize the intramural ureter and ureteric orifice. 

Often bladder ultrasound is combined with mea- 
surement of urinary flow rates and bladder emptying 
as the ultrasound cystodynamogram. Such “functional” 
ultrasound is useful in the assessment of bladder out- 
flow obstruction. 


Ultrasound Appearances of the Normal Bladder 


The normal bladder wall is smooth and any focal varia- 
tion in wall thickness should be scrutinized for mucosal- 
based masses or diverticula (Fig. 10.4). Occasionally the 
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Fig. 10.4 Ultrasound image in the axial plane of a normal, 
well- distended bladder, demonstrating the thin bladder wall 
(long arrows) and the iliac vessels (open arrow). Reverberation 
artifact is present within the lumen of the bladder (short 
arrows) 


Table 10.2 Transrectal ultrasound examination of the 
prostate 


Preparation: None specific 


Position: Left lateral position 

Transducer: 5-10 MHz axial/longitudinal or end-firing trans- 
ducer 

Method: Image gland in both planes, base to apex and side 
to side 

Images: Recorded in 
a) Transverse/axial planes; base, mid, and apex 
b) Longitudinal/sagittal planes; midline, left, and 

right parasagittal 
Assess: 


1. Measure prostate volume (height x width x length x 0.52) 

. Note reflectivity, nodules, and gland symmetry 

. Evaluate the prostate capsule 

. Scrutinize blind areas in both planes: Posterolateral margins 
(also sometimes called anterior horns), base, apex, and far 
anterior gland (decrease frequency to 5-7.5 MHz) 

5. Neurovascular bundle symmetry 

6. Seminal vesicle and ejaculatory duct assessment 

7. Color Doppler imaging (transducer movement, calcification, and 

biopsy will result in artifact signals) 


AWN 


N.B.: Prostate gland volume is more accurately measured by plani- 
metry. The formula above becomes increasingly inaccurate with 
glands > 80 mL. 


different layers of the bladder wall can be differentiated 
but not sufficiently well for accurate analysis (e. g., for 
staging of bladder cancer). Well-distended, the ovoid 
shape of the bladder in the longitudinal plane and quad- 
rangle in the axial plane is apparent. The bladder base is 
smooth in outline and the intramural ureters seen as 
linear “corrugations” along the bladder base. In the 


absence of an enlarged prostate gland the bladder 
base should not be elevated. Urine appears completely 
echo-free, but occasionally the more concentrated urine 
may layer posteriorly or be seen as a high-reflective “jet” 
as it ejects from the ureter.” 

The echo-free urine makes bladder-wall analysis 
straightforward; but marked reverberation artifact 
may be seen and the anterior wall, lateral wall, and 
base of the bladder may be difficult to visualize. Sus- 
pected abnormalities of the anterior wall should be 
evaluated with a higher frequency probe (7.5- 
10 MHz); the base may be better evaluated by trans- 
rectal imaging. Tissue-harmonic imaging helps to bet- 
ter define the bladder wall and reduce reverberation 
artifacts. 

On color Doppler ultrasound the normal bladder wall 
does not demonstrate color signal, but urine may be seen 
ejecting from the ureteric orifices as “color jets.”° Differ- 
ences in the specific gravity between the ejecting urine 
and the bladder urine may account for the visualization 
of these jets on B-mode imaging alone.’ Visualization of 
jets is improved by hydration (500 mL of water before 
imaging or use of intravenous hydration or diuretic 
agents). Normal jets are well-defined, generally sym- 
metrical cones of color turbulence, directed anterome- 
dially. 


m Transrectal Ultrasound of the Prostate Gland 
Technique (Table 10.2) 


Although the prostate gland may be visualized on 
transabdominal imaging, the views are often inad- 
equate for diagnosis; dimensions may be measured, 
albeit inaccurately. In contrast, the prostate may be 
visualized in great detail using a transrectal probe. A 
variety of transducer designs are now available, each 
requiring a different method for imaging and trans- 
ducer movement. Most radiology departments prefer 
the more versatile end-firing transducer which requires 
a fanning or rocking motion, unlike the simple advance- 
ment or rotation movements necessary for true axial/ 
longitudinal transducers. These modern transducers 
image at a frequency of 5-10 MHz, but are often also 
capable of multifrequency imaging and prostate biopsy. 
A 7.5-10 MHz transducer is adequate for most prostate 
glands, but large prostate glands require 5 MHz to in- 
spect the anterior structures or the bladder neck. 

The left lateral patient position is best for imaging 
the prostate via the transrectal route. A lubricated, 
condom-covered transducer is inserted into the anus 
and directed slightly posterior to follow the natural 
contour of the lower rectum. Deep inspiration through 
an open mouth helps to relax the anal sphincter. The 


transducer should be advanced about 10 cm beyond the 
anal margin and the prostate gland examined in a sys- 
tematic manner (Table 10.2). Magnification should be 
adjusted until the entire prostate gland is visualized on 
the ultrasound monitor. The prostate gland should be 
examined in the axial plane from the base to the apex. 
The reflectivity of the glandular zones should be com- 
pared between the two sides and note made of any 
asymmetry. The prostate gland should then be exam- 
ined in the longitudinal plane and asymmetry again 
noted. Unlike the bladder, color flow imaging may be 
of diagnostic value and in the axial plane any focal color 
Doppler signal asymmetry noted. Following full exami- 
nation, prostate gland biopsies may be obtained. 


Fig. 10.5 Ultrasound appearances, in the transverse plane 
at several levels, of the normal prostate gland and seminal 
vesicles. a The seminal vesicles (arrow) lie posterior to the 
bladder base. b The base of the prostate gland, demonstrating 
the ejaculatory ducts (long arrow) and the seminal vesicles 
(small arrow). c The midportion of the prostate gland, dem- 
onstrating the urethra with surrounding low-reflectivity rep- 


Ultrasound of the Bladder and Prostate Gland 


Ultrasound Appearances of the Normal Prostate Gland 


In the young man, the prostate gland may be homoge- 
nous and the zones difficult to differentiate (Fig. 10.5), 
but normally the peripheral zone is hyperreflective 
relative to the central and transition zones. This echo- 
differentiation enhances further with glandular en- 
largement as the peripheral zone is compressed. Usu- 
ally the central and transition zones cannot be sepa- 
rated from each other and the anterior fibromuscular 
stroma is not readily defined. Although there is no 
histological prostate capsule, the distinction between 
the gland and surrounding fat is so distinct that a “sono- 
graphic” capsule may be seen. The levator ani muscles 


resenting hypertrophy of the urethral muscles (long arrow). 
The peripheral zone (star), central zone (short arrow), and the 
transitional zone (open circle) are all demonstrated. d The apex 
of the prostate gland, demonstrating the apical portion (short 
arrow) and the levator ani muscle (long arrow). 


Fig. 10.5e, f see next page 


135 


Urology 


136 10 Diseases of the Bladder and Prostate 


Fig. 10.5e, f 
e The dimensions of the prostate gland are measured in three 
directions to give an estimation of the gland volume (see Table 
10.2). f Normal prostate gland vascularity with symmetrical 


Fig. 10.6 A longitudinal view of the bladder with a solid 
urachal remnant (short arrow) at the upper aspect and the 
normal prostate gland at the lower aspect of the bladder 
(long arrow) 


are seen as linear echogenic boundaries of the prostatic 
bed. The urethra is seen as a line of mixed echogenicity, 
even though it has no lumen at “rest.” With muscular 
hypertrophy the urethra and bladder neck become in- 
creasingly of low reflectivity, with acoustic shadowing, 
a common finding with prostate gland enlargement. 
Just beyond the apex, the periurethral tissues are hypo- 
echoic due to the external urethral sphincter. High- 
reflective, nonshadowing foci may be seen within the 
ducts of the inner gland, so-called corpora amylacea, 
representing mucoproteins of no clinical significance. 
Scattered areas of calcification are also sufficiently com- 


flow around the urethra, periphery, and the intersection of 
peripheral and central zones is demonstrated on a color Dopp- 
ler image 


mon to be considered a “normal” finding. More focal 
calcification may represent prostatitis or calculi within 
the ejaculatory ducts or urethra; only very rarely is 
prostate carcinoma calcified. 

On color Doppler ultrasound the normal gland has 
marked vascular signals from the neurovascular bun- 
dles, the anterior venous plexus, the periurethral tis- 
sues, and vessels traversing the inner gland. Impor- 
tantly, like the overall gland reflectivity, parenchymal 
vascularity should be symmetrical.® 


Summary points: 

e The peripheral zone accounts for 75% of the volume 
of the prostate gland in young men 
The transition zone increases in benign prostatic 
hypertrophy, the central zone atrophies, and the 
peripheral zone remains stable 


The clinically important zones are the transition and 
peripheral zones 

The peripheral zone of the prostate gland is high- 
reflective compared to the central/transition zone 
There is marked but symmetrical vascularity of the 
prostate as seen on color Doppler ultrasound 


aa Ultrasound of the Abnormal Bladder 
(Table 10.3) 


Congenital Anomalies 


Bladder agenesis is rare but duplication is slightly more 
common. Bladder duplication often presents with an 


incomplete septum; a complete septum dividing the 
bladder is very unusual.? Congenital bladder anomalies, 
for example bladder extrophy, are usually identified in 
early childhood. However, urachal abnormalities may 
go undetected in childhood and present in the adult. A 
urachus may fail to involute and be seen as a patent 
tube (50%), a cyst in the midline (30%), a midline ura- 
chal sinus (15%), an anterior bladder diverticulum, or an 
area of thickening.’°"' There is an increased incidence 
of adenocarcinoma or calculus formation within a ura- 
chal remnant, and when a urachus is encountered, a 
soft-tissue mass or calculus should be carefully sought 
(using a 7.5-10 MHz linear array transducer; Fig. 10.6). 
Congenital diverticula are rare, but the Hutch divertic- 
ulum is characteristically wide-mouthed, small, and 
near the ureteric orifices. 


Summary points: 
e There is a higher incidence of adenocarcinoma or 
calculus formation in an urachal remnant 


e A persistent urachus may take the form of a tube, a 
cyst, a sinus, or anterior bladder- wall thickening/ 
diverticulum 


Acquired Diverticula 


These are pulsion diverticula, secondary to the high 
voiding pressures of bladder outflow obstruction 
(Fig. 10.7). Acquired diverticula are usually associated 
with generalized bladder-wall thickening and trabecu- 
lation, have a narrow neck, and may be quite large. Any 
diverticula should be carefully examined for calculi and 
primary bladder tumors. When present, bladder diver- 
ticula, especially if there is a narrow neck, should be 
reported to the cystoscopy operator to allow for careful 
examination of mucosal-based lesions within the diver- 
ticula. A large diverticulum may act as a reservoir, re- 
sulting in incomplete emptying or “pis en deux,” recog- 
nized by comparing the prevoid and postvoid dimen- 
sions of the diverticulum.!? Such dynamic information 
is helpful when a patient is being considered for resec- 
tion of a diverticulum, for example in those with recur- 
rent infections or calculi. 


Fig. 10.7 Thickened irregular bladder wall (short wall) with 
a small diverticulum (long arrow) in a patient with prostate 
gland enlargement, outflow obstruction, and high-pres- 
sure voiding 


Ultrasound of the Bladder and Prostate Gland 


Table 10.3 Abnormalities of the bladder 


1. Diffuse bladder- wall thickening 
a) Bladder outflow obstruction: Trabeculated, small or large 
volume, diverticula, ureteric dilatation, enlarged prostate, 
bladder neck may be open or closed 
b) Neurogenic bladder: Trabeculated wall, small volume, ure- 
teric dilatation (sometimes bladder is thin-walled and large)'? 
c) Tuberculosis: Small volume, ureteric strictures, rarely intra- 
vesical tuberculoma'®'? 
d) Schistosomiasis: Chronic, due to ova in the submucosa, focal 
masses may be seen, calcification?" 
e) Acute cystitis: Due to E. coli, fungal infection, emphysema- 
tous (air in bladder wall);'” there may be lobulated masses 
f) Hemorrhagic cystitis: May be drug-induced with lobulated 
masses 
g) Chronic cystitis: Interstitial cystitis, small, thick-walled?” 
2. Focal bladder- wall thickening 
a) TCC: Usually polypoid or “frondlike,” rarely plaque + 
calcification 
b) Squamous cell carcinoma: Associated with Schistosomiasis,~! 
leukoplakia, chronic calculus disease, long-term catheriza- 
tion, or squamous metaplasia 
c) Adenocarcinoma: Arises from urachal remnant, anterior wall 
d) Leiomyoma, pheochromocytoma, lymphoma: No typical 
features 
e) Infections: Tuberculosis, acute schistosomiasis, malacopla- 
kia,?? cystitis, cystica glandularis?? 
f) Amyloidosis 
g) Endometriosis*4 
h) Hemangioma: Serpiginous, cystic areas?” 
3. Intraluminal abnormalities 
a) Calculus: Shadow-casting, “twinkle” artifact 
b) Thrombus: High-reflective rim or layers of different reflec 
tivity 
c) Fungus balls 
d) Indwelling catheter or foreign body 
4. Abnormalities of bladder outline 
a) Diverticula: May contain calculus, tumor 
b) Dilated ureters 
c) Ureterocele (may contain calculus) 
d) Urachal remnant cyst: Anterior wall 
e) Reimplanted ureters: Focal thickening or reflective nodule 
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Fig. 10.8 a Image of the bladder demonstrating a calculus 
(long arrow and calipers) lodged in the ureteric orifice causing 
hematuria. The blood can be seen layering over the posterior 


Fig. 10.9 Alarge hematoma is present in the bladder, which 
demonstrates features of some age, with organization oc- 
curring (arrow). A blood clot is usually mobile, but may be 
adherent and indistinguishable from bladder carcinoma 


Filling Defects or Intravesical Masses 


An intravesical mass is an uncommon finding (Table 
10.3). Calculi are more common, recognized as mobile, 
high-reflective areas causing posterior acoustic shad- 
owing often demonstrating the “twinkle” artifact 
(Fig.10.8) which may be related to calculi hardness, 
more common with oxalate stones.!?4 A hematoma 
may be mobile or form a layer in the dependent area 
of the bladder and subsequently adhere to the bladder 


surface of the bladder (short arrow). b The “twinkle” artifact 
due to the calculus is demonstrated on the color Doppler 
ultrasound image 


wall (Fig.10.9). A smooth, high-reflective rim may be 
seen and layers of high and low reflectivity have been 
described with bladder hematomas.’ Occasionally 
when a hematoma is adherent to the bladder wall, it 
may be indistinguishable from a bladder tumor. Color 
Doppler ultrasound is not always useful in differentiat- 
ing a hematoma from a mass, as color Doppler signals 
from true bladder tumors are often not present 
(Fig. 10.10). Extravagant enlargement of the prostate 
gland may protrude asymmetrically into the bladder 
and again be indistinguishable from a bladder tumor. 


Diffuse Bladder- Wall Abnormalities (Table 10.3) 


The bladder wall decreases in thickness (range: 
3-5 mm) as the bladder fills to 50% of the total volume, 
and then remains constant. With a full bladder the 
bladder wall should be smooth and measure <3 mm 
in thickness. Diffuse thickening is usually due to mus- 
cular hypertrophy, a compensatory phenomenon sec- 
ondary to significant outflow obstruction which is often 
due to prostate gland enlargement or urethral stricture 
but is also seen with a neurogenic bladder.'® Trabecu- 
lation, diverticula, or calculi may be seen as associated 
findings (Fig.10.7). Correlation with flowmetry and 
bladder volume is important (Table 10.4). Infective cys- 
titis does not usually cause any abnormalities on ultra- 
sound, but occasionally masses or pseudotumours are 
seen.” Severe infection may result in emphysematous 
cystitis (usually in diabetics with E. coli infections), 
recognized as bladder-wall thickening with areas of 
high reflectivity not casting prominent shadows, repre- 
senting pockets of air. Hemorrhagic cystitis may occur 


Table 10.4 Patterns seen during ultrasound cystodynamo- 
grams of patients with benign prostatic hyperplasia (BPH) 
and prostate gland enlargement 


1. Normal flow rate—normal ultrasound anatomy—complete 
emptying 

Seen in men voiding with high bladder pressures against outflow 

obstruction as well as unobstructed normal men. 


2. Low flow rate—thickened bladder wall—elevated bladder 
base—complete bladder emptying 

Characteristic of bladder outflow obstruction due to BPH. Prostate 

cancer alone is an uncommon cause of outflow obstruction. 


3. Low flow rate—thickened bladder wall—elevated bladder 
base—incomplete bladder emptying 

Suggests severe outflow obstruction with detrusor decompensa- 

tion resulting in residual urine. Such men complain of pis en deux, 

i.e. having to urinate within a few minutes. 


4. Low flow rate—normal bladder wall—elevated bladder 
base—incomplete emptying 
Suggests a failing bladder due to obstruction 


5. Low flow rate—thickened bladder wall—large postvoid resi- 
due and dilated distal ureters 

This is an important combination to recognize, indicating high- 

pressure chronic retention. This condition can be lethal because of 

progressive renal failure 


after bone-marrow transplantation, cyclophosphamide 
therapy, or de novo, where diffuse thickening may be 
associated with intraluminal lobulated masses.'® Cyclo- 
phophamide cystitis may be calcified. Further causes of 
bladder-wall calcification are transitional cell carci- 
noma (TCC) in < 1%, tuberculosis, and schistosomiasis. 
Other causes of diffuse bladder-wall thickening are rare 
(Table 10.3).20-76 


Focal Bladder- Wall Abnormalities 


Over 95% of focal bladder-wall lesions are due to TCC, 
which accounts for 2-4% of all cancers. The vast major- 
ity of TCCs present symptomatically with macroscopic 
hematuria. TCCs are commonly seen on ultrasound as 
“frondlike” projections but may also present as a plaque 
or polyp (Fig. 10.10). Rarely a TCC may calcify. If there is 
dilatation of the distal ureter the implication is of in- 
volvement of the ureteric orifices by tumor. Note 
should be made of the number and location of lesions 
and conveyed to the cystoscopy operator. Focal lesions 
may not be identified if present within diverticula, in an 
urachal remnant, on the anterior bladder wall, or aris- 
ing from the bladder base adjacent to an enlarged pros- 
tate gland. These areas should be carefully inspected in 
a patient with macroscopic hematuria. The sensitivity 
of ultrasound for the diagnosis of bladder TCC is re- 
ported to be as high as 90%, identifying more bladder 
lesions than intravenous urography (IVU).2”-29 How- 
ever, a single study had an 11% false positive rate due 
to bladder-wall trabeculation, hematoma, and calculi or 
focal cystitis.’ Small lesions are more difficult and the 
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Fig. 10.10 aA focal mass arising from the anterior bladder wall 
(arrow). b The mass demonstrates a mildly increased vascu- 
larity on color Doppler ultrasound although most bladder 
masses are poorly vascular 


true positive rate for lesions of < 5 mm was only 38%.°° 
A recent study of 1000 patients reported a sensitivity of 
only 63% and specificity of 99% for all bladder tumors.?! 
Consequently, bladder ultrasound is not recommended 
for exclusion of a bladder tumor in patients with macro- 
scopic hematuria; cystoscopy is necessary in all.2? Re- 
current TCC is frequent and subsequent surveillance is 
better performed by cystoscopy. However, in those not 
suitable for cystoscopy, ultrasound surveillance with 
urinary cytology has a sensitivity of 74% for identifying 
recurrent disease.?? Ultrasound is unreliable at staging 
bladder tumors and is not used routinely; accuracy 
being only about 55%.” Endoscopic ultrasound is 
thought to be more accurate but is invasive and in 
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practice computed tomography (CT)/magnetic reso- 
nance (MR) imaging is necessary.*° 

Schistosomiasis may be suspected if multiple, or 
more rarely solitary, focal lesions are seen in a patient 
from an endemic area, with evidence of ureteric ob- 
struction or renal pelvicalyceal dilatation. The common- 
est ultrasound feature is bladder-wall thickening, which 
may be diffuse and rarely calcified. All these ultrasound 
features improve with chemotherapy, even the calcifi- 
cation. However, cystoscopy should be performed as 
schistosomiasis has a known association with squamous 
cell carcinoma, which has a similar appearance on ultra- 
sound.?*° Rarely, a squamous carcinoma may develop 
in patients with a chronic indwelling bladder catheter. 
These patients are also prone to chronic cystitis, which 
may present on ultrasound as a focal bladder-wall 
thickening rather than generalized thickening. Heman- 
giomata have been described as serpiginous, cystic 
areas.°’ Malacoplakia causes multiple focal lesions 
with increased color Doppler signal, but diffuse or ir- 
regular wall thickening may also be seen.” Further 
causes of focal thickening are listed in Table 10.3. 


Postoperative Bladder Appearances 


Reimplanted ureters may be seen as focal, high-reflec- 
tive or fusiform thickening of the intramural tunnel of 
the ureter or the trigone.*° Immediately following 
transurethral resection of the prostate (TURP) a hema- 
toma may be seen. Later, the TURP defect is seen as a 
widened bladder neck. Prostate regrowth may obliter- 
ate this defect, but this is not sufficiently reliable to 
diagnose recurrent outflow obstruction and correlation 
with flowmetry is necessary (Table 10.4). In compari- 
son, bladder neck incision may be barely visible even if 
there has been good functional outcome. The aug- 
mented bladder may be structurally bizarre,*° depend- 
ing on the amount and type of bowel used; peristalsis 
may be seen. Bladder lesions may be simulated by the 
folds of the bowel mucosal or by mucus strands. There 
is also an increased incidence of carcinoma after colonic 
augmentation, TCC may occur in the remnant bladder, 
and calculi may also be seen. Ultrasound is a useful 
investigation for the augmented bladder, but volume 
estimation is less accurate, as the reconstructed bladder 
is of a more complex shape. 


E Interventional Ultrasound of the Bladder 


Occasionally ultrasound guidance may be necessary for 
suprapubic catherization if the bladder is of small vol- 
ume. An area close to the midline and just above the 
symphysis pubis is chosen, as this route will be extra- 
peritoneal. Transabdominal needle biopsy of a bladder 


mass is rarely necessary and, furthermore, there is a risk 
of tumor seeding. The transabdominal route or the 
transrectal route may be used to puncture a nondeflat- 
ing balloon of a urinary catheter. A fine needle (22- 
gauge) is directed into the balloon and the balloon 
contents aspirated. Occasionally the transabdominal 
route may be used to create a large (30-Fr) track for 
endoscopic lithotripsy. Transabdominal high-intensity 
frequency ultrasound (HIFU) ablation of prostate and 
bladder tumors is currently under investigation. 


Summary points: 

e The bladder wall should be < 3 mm thick with a full 
bladder 
Hemorrhagic cystitis occurs with cyclophosphamide 
therapy, seen as diffuse bladder-wall thickening 


95% of focal bladder-wall thickening is due to a TCC 
The majority of TCCs present with hematuria 
Ultrasound is 90% sensitive for the detection of a 
EE 

Cystoscopy is always necessary in the presence of 
macroscopic hematuria 


E The Abnormal Prostate and 
Ejaculatory Mechanism 


= Developmental Anomalies 


The seminal vesicles, vasa, and/or ejaculatory duct may 
be absent as a combined maldevelopment of the wool- 
fian duct. This may additionally affect the bladder trig- 
one, which may be deficient with a wide bladder neck. 
These wollfian duct anomalies are rare, but abnormal- 
ities of the müllerian duct development are commonly 
seen as midline cystic structures on TRUS (Fig. 10.11). 
These cystic structures are round in the axial plane and 
teardrop-shaped on longitudinal imaging, often ex- 
tending above the prostate gland. The majority are in- 
cidental findings, may be slightly thick-walled, but are 
always low-reflective unless bleeding has occurred or 
the cyst is infected (Fig. 10.11). Occasionally calcification 
may be present. Clinical symptoms include hemato- 
spermia or obstructive infertility; giant cysts may ob- 
struct urinary flow which is usually seen in teenagers. 
Bilateral miillerian cysts may be associated with unilat- 
eral renal agenesis. Tumors of miillerian remnants are 
extremely rare. 

Miillerian cysts do not communicate with the ure- 
thra, unlike a persistent prostatic utricle (or “utricle 
cyst”). Utricles do not extend beyond the gland and in 
practice it is difficult to differentiate a persistent utricle 
from a small miillerian remnant cyst on TRUS. Persis- 


tent utricles are often associated with hypospadias or 
genital anomalies. Very rarely, the prostate may be 
hypoplastic, for example in the prune belly syndrome. 


a Benign Acquired Abnormalities 


Benign Prostate Hyperplasia/Benign 
Prostate Hypertrophy 


Beyond age 40 the prostate will enlarge and above age 
50 over 50% of men will have some degree of benign 
prostatic hypertrophy. Both the glandular and stromal 
elements enlarge, particularly within the transition 
zone and the periurethral glands, but it may also affect 
the peripheral zone. The exact cause of this hypertro- 
phy is unknown, but hormones play a role. Hypertrophy 
may be diffuse or develop as distinct adenomas 
(Fig.10.12). In addition, there is hypertrophy of the 
periurethral muscle spiral as a result of the associated 
outflow obstruction and the higher voiding pressures 
needed to maintain flow rates. There is no clear relation 
between the degree of prostate and periurethral muscle 
spiral hypertrophy and reduced urinary flow. A variety 
of ultrasound abnormalities are seen (Table 10.5). Some 
men present with irritative symptoms (frequency, noc- 
turia) rather than significantly reduced flow rates, 
whereas others may present with urgency and stress 
incontinence due to secondary detrusor instability (or 
overactive bladder). Therefore, the entire symptom 
complex secondary to prostate gland enlargement is 
now referred to as lower urinary tract symptoms 
(LUTS). As well as LUTS, the other pressing difficulty is 
differentiation of benign hyperplastic nodules from the 
10-20% of prostate carcinomas that arise from the tran- 
sitional or central zones (Fig. 10.12). 

For the evaluation of the patient with BPH, the most 
useful radiological investigation is the ultrasound cys- 
todynamogram (USCD). TRUS does not provide any extra 
information in the evaluation of the patient presenting 
with reduced flow rates or LUTS, but the size of the 
prostate gland may be accurately measured (Fig. 10.5). 
The correlation between the ultrasound- measured vol- 
ume and true prostate weight is estimated at between 


Fig. 10.12 Two patients demonstrating benign prostatic 
hypertrophy. a Inner gland enlargement with hypertrophy 
of the transition zone (arrow) and a nodule in the peripheral 
zone (calipers). Hyperplastic nodules (or adenomas) are usually 
of mixed reflectivity or isoreflective and located in a central 
position. Occasionally nodules are of low reflectivity, located in 
the periphery, and are indistinguishable from prostate carci- 
noma. Biopsy is then necessary. b A longitudinal view in an- 
other patient, demonstrating regrowth of benign prostate 
hyperplasia (BPH) after a previous transurethral resection of 
the prostate (TURP) 
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a 
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Fig. 10.11 Axial view of the base of the prostate gland. A 
large millerian remnant cyst (arrow) with evidence of internal 
hemorrhage. The patient was examined in the left lateral 
position accounting for the position of the fluid—blood layer 
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Fig. 10.13 Longitudinal view demonstrating a cyst (long 
arrow) arising centrally from the prostate gland and close 
to the bladder neck (short arrow). Occasionally such cysts can 
obstruct urine flow by a “ball-valve” action 


0.82 and 0.99. The correlation is poorer for large prostate 
glands (>100 mL), as large glands deviate from the semi- 
ellipsoid shape assumed by the formula used for volume 
calculation. Volume estimation is important as a prostate 
gland in excess of 100 mL is better managed by retro- 
pubic prostatectomy, rather than a transurethral resec- 
tion (TUR). There are rare occasions when TRUS provides 
useful information, as when an obstructing cyst at the 
bladder neck is a cause for LUTS (Fig. 10.13). Such cysts 
may be aspirated under TRUS-guidance to relieve ob- 
structive symptoms, but the benefit is temporary. The 
value of TRUS for evaluation of recurrent outflow ob- 
struction after TURP has also not been proved (Fig. 10. 
12b). On imaging, regrowth with restriction of the blad- 
der neck may be seen, but does not directly influence 
Management as much as uroflowmetry and postvoid 


residue estimations. Furthermore, TRUS is not of proved 
value in the follow-up of the patient on conservative or 
pharmacological management of known BPH and 
LUTS. 5a-reductase agents such as finasteride can de- 
crease the prostate gland size by about 25%, but this 
information does not directly influence management. 


Summary points: 

e Over age 50, 50% of men will have benign prostatic 
hypertrophy 

e LUTS describes frequency, nocturia, urgency, and 
stress incontinence secondary to benign prostatic 
hypertrophy 


e The prostate gland may be unremarkable on ultra- 
sound in the presence of prostatitis 

e The majority of prostate cysts are benign; position 
determines the cause 

e The commonest prostate cyst is a müllerian duct 
remnant 


Prostatitis 


The clinical, pathological, and ultrasound features of 
prostatitis vary widely. Acute prostatitis is uncommon 
but can occur in the young man, and is due to infection 
by the usual urinary tract organisms (E. coli, Enterococci, 
and anaerobic bacteria). Systemic clinical signs of infec- 
tion are present, and the prostate gland is exquisitely 
tender on digital rectal and TRUS examination. On TRUS 
with color Doppler imaging the prostate gland demon- 
strates increased generalized or focal vascularity (Table 
10.5, Fig. 10.14). The prostate gland is of focal or gener- 


Table 10.5 Common benign prostate pathology and TRUS features 


Pathology Site TRUS features 

BPH Transition zone or œ Gland enlargement (> 25mL) 

Correlation between TRUS findings of BPH, periurethral glands * Heterogeneous changes in 2/3, homogenous in rest 

prostate volume, and outflow obstruction e Thinning of the peripheral zone 

is poor. Uroflowmetry correlation is nec- e Nodules in the transitional zone: Low, high, or mixed reflectivity 


essary (see Table 10.4) 


with defined boundary (unlike malignancy) 
Capsule may bulge but is always intact 
Cystic degeneration of nodules 


Bladder base is elevated (“median lobe” enlargement) 


Acute or chronic prostatitis Peripheral zone or Acute 


Data on many of these features are not _ transition/central . 
established. Clinical correlation is neces- zone . 
sary ° 


Diffuse or focal low reflectivity 
Focal or generalized Increased vascularity 
Abscess (focal, thick-walled, low-reflective area) 


Chronic 


High-reflective foci 

Prominence of the periprostatic venous plexus 

Thickening of the “capsule” of the gland 

Prominent calcification of inner gland 

Mild/moderate increase color Doppler flow (focal or global). 


alized, decreased reflectivity and the capsule is thick or 
ill-defined. An abscess may be identified as a focal cystic 
degenerative area with a thick capsule, and containing 
air. A prostate gland abscess may be drained by TRUS- 
guided aspiration (Fig. 10.15).*’ Paradoxically the pros- 
tate may be entirely unremarkable on ultrasound in the 
presence of prostatitis. 

Chronic prostatitis is more common and is usually 
nonbacterial; chemical prostatitis due to reflux of urine 
or agents such as Chlamydeous or Ureaplasma may play 
a role. Clinical symptoms are generally vague and per- 
sistent perineal pain is commonest. On TRUS, the ap- 
pearances are as nonspecific as the symptoms; disten- 
sion of the periprostatic veins, dystrophic inner gland, 
and periurethral calcification or high-reflective capsule 
thickening have been described.*”? In practice, TRUS 
findings need to be correlated with the clinical findings 
and biochemistry of prostate secretions after transrec- 
tal digital massage. On USCD, reduced urine flow rates 
and incomplete bladder emptying may be seen. 
Although midline cysts are often seen, presumed to 
be either miillerian cysts or more likely persistent 
utricles, the relationship with prostatitis is not estab- 
lished. 

Less common causes of prostatitis are eosinophilic 
prostatitis or granulomatous infections. Most granu- 
lomatous infections are idiopathic but tuberculosis, ei- 
ther infective or the result of bacille Calmette-Guérin 
(BCG) instillation to treat bladder TCC, may be a cause. 
On TRUS, the gland may be of diffusely decreased re- 
flectivity or characteristically a mixed-reflective nodule 
may be seen in the peripheral zone and may be mis- 
taken for prostate carcinoma (Fig. 10.16). Biopsy is nec- 
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Fig. 10.14 Axial color Doppler ultrasound image of the 
prostate gland in acute prostatitis. There is a focus of in- 
creased vascularity in the right peripheral zone (arrow). This 
finding is, however, uncommon and most patients with pros- 
tatitis (acute or chronic) will demonstrate either normal or a 
minimal increase in vascularity 


essary to establish the diagnosis. Caseating tuberculous 
nodules are rarely seen. 


Cysts of the Prostate Gland and Associated Structures 


The vast majority of prostate cysts are benign and lo- 
cation determines the cause (Table 10.6, Fig. 10.17). The 
commonest prostate cyst in a young man is a cyst of the 
miillerian remnants followed by cysts of the utricles. In 
the older man, cystic change usually represents areas of 
degeneration as a part of BPH. Multiple cysts of the 
seminal vesicles are seen with adult polycystic kidney 


Fig. 10.15 Transverse image through the prostate gland 
demonstrating multiple prostate abscesses (arrows) 


Fig. 10.16 A large low- reflective nodule in the right periph- 
eral zone (arrow) representing an area of granulomatous 
prostatitis on histology. However, it is indistinguishable from 
prostate carcinoma on ultrasound 
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Fig. 10.17 The typical locations of the various types of cysts 
in the prostate gland and its appendages as seen on TRUS 
examination 


Table 10.6 Cysts of the prostate gland and associated 
structures 


Developmental 

1. Millerian duct cysts 

Midline, usually extend above the gland and may be large, contain 
no sperm, and no communication with urethra 

2. Utricle “cysts” 

Not a true cyst. Lie in the midline, at the level of the 
verumontanum, intraglandular, rarely contain sperm, communi- 
cate with the urethra, and are usually < 1 cm in diameter. Known 
association with hypospadias or ambiguous genitalia 

Acquired 

1. Duct ectasia 

Mild distension of normal ducts and is common 

2. Ejaculatory duct cysts 

Usually just lateral to midline, occur postinflammation or TURP. 
Contain sperm or calculi with seminal vesicle dilatation 

3. Cystic degeneration of BPH nodules 

Commonest cysts and found in the transitional zone 

4. Retention cysts 

Due to dilatation of gland acini and may cause obstruction if 
located close to the bladder neck (“ball-valve” obstruction) 

5. Cavitary prostatitis 

Multiple cysts due to prolonged inflammation (rare) 

6. Abscess 

Thick-walled, septated cysts occurring following prostatitis. Com- 
moner in diabetics and after bladder catheterization 


7. Cystic prostate cancer (very rare) 


disease and renal maldevelopment, but are otherwise 
asymptomatic. 


Transrectal Ultrasound and Evaluation 
of Male Infertility 


Transrectal ultrasound (TRUS) may provide useful in- 
formation in men with low or absent sperm by exclud- 


Fig. 10.18 A longitudinal image demonstrating a dilated 
ejaculatory duct (long arrow) and seminal vesicle (star) sec- 
ondary to two ejaculatory duct calculi (short arrow) 


ing obstruction of the ejaculatory ducts.** Obstruction 
of the ejaculatory ducts is suggested by dilatation of the 
ducts and/or seminal vesicles (Fig. 10.18). Mild vesicular 
distension may be seen with normal physiological stor- 
age of seminal fluid, and isolated vesicular distension 
needs to be differentiated from normal physiological 
distension by postejaculatory imaging. True obstruction 
may be as a consequence of calculi in the ducts with 
associated duct stricturing. Occasionally a large miiller- 
ian remnant cyst may obstruct the ducts or the seminal 
vesicles. Vasa and ejaculatory ducts may all be absent as 
part of a generalized maldevelopment of the embryo- 
logical wolffian duct. Chronic hematospermia may be 
investigated with transrectal ultrasound.*° 


E] Malignant Acquired Abnormalities 
Carcinoma of Prostate 


Prostate carcinoma is the second most common male 
cancer, with over 80% originating in the peripheral 
zone; the remainder arise in the central/transition 
zone or are peripheral zone tumors preferentially infil- 
trating in an anterior direction. On ultrasound the 
peripheral zone is the most homogenous of the zones, 
and even in the presence of marked hyperplasia most 
carcinomas should be readily identified. However, in 
practice the ultrasound appearances of prostate carci- 
nomas are highly variable, ranging from low-reflective 
to high-reflective, or as is most often the case, isore- 
flective and barely visible (Fig. 10.19). Ultrasound eval- 
uation is therefore difficult and a meta-analysis indi- 
cated the positive predictive value of TRUS for detection 
of prostate carcinoma was only 6%.” Table 10.7 shows 
the various ultrasound appearances that may be en- 


Location of cancer 


Í Cancer 
\\— Focal area 
Focal nodule+ =< || of increased 
increased f } vascularity 
vascularity J 
+surrounding 
hypoechoic area 
Hypoechoic Diffuse 
yP hypoechoic 
nodule Focal Irregular or 
: ; : : area 
á with elevated elevation _ ill-defined 
capsule of capsule capsule 
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TRUS appearances suspicious for cancer 


AFS = anterior fibromuscular stroma 


TZ = transition zone 


Hypoecholic 
nodule in the 
central gland 


CZ = central zone 


PZ = peripheral zone 


Fig. 10.19 Distribution and typical appearances of prostate 
carcinoma on TRUS. a The distribution of prostate carcinoma 
in relation to the zones of the prostate gland. b The various 
appearances of prostate carcinoma. Most tumors diagnosed in 
the modern era (particularly if PSA <5 ng/mL) are either iso- 
reflective or demonstrate only subtle changes on ultrasound. 
c There is a nodule close to the midline in the peripheral zone 
(arrow and cursors) representing a T1/2 tumor. d A T3 tumor 
with irregular, diffuse reflectivity changes of the left peripheral 
zone (short arrow) and involvement of the adjacent neuro- 
vascular bundle (long arrow). A further separate nodule is 
present in the right peripheral zone (calipers). e An extensive 
tumor involving both lobes, with low- reflective texture of both 
peripheral zones (arrows) 
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Fig. 10.20 The importance of 
imaging in both planes when 
prostate carcinoma is sus- 
pected is demonstrated (Table 
10.3). The left-hand axial image 
demonstrates a nodule in the 
peripheral zone (arrow: a T1/2 
lesion). However, on the right- 
hand image, on the longitudinal 
view, the nodule is demonstrated 
to extend into the seminal vesicle 
(arrow): a T3 lesion 


Fig. 10.21 The visibility of 
prostate carcinoma on TRUS 
according to the PSA level 
(based on the author’s unpub- 
lished data) 


> 20 


countered and the diagnostic accuracy. Often the ab- 
normality is subtle, and careful examination is impor- 
tant. The posterolateral aspects, apices and the base of 
the prostate gland close to the seminal vesicles are 
areas of higher carcinoma incidence. These are rela- 
tively “blind” areas and should be examined in multiple 
orientations, comparing the two sides of the gland 
(Fig.10.20). However, even those abnormalities de- 
scribed on ultrasound are not specific, as inflammation, 
hyperplasia, and necrosis may all appear similar and 
mimic carcinoma. Visibility on ultrasound is partly re- 
lated to the tumor stage and prostate-specific antigen 
(PSA) level. With the down-migration of clinical stage 
at presentation, reflecting the increase in PSA testing 
and case-finding, the number of isoreflective carcino- 
mas diagnosed is increasing (Fig. 10.21). 

Examination of prostate gland vascularity using 
color Doppler ultrasound*®-°° improves the specificity 
of carcinoma detection by about 5-10% but not suffi- 
ciently to obviate biopsy. This performance is only 
slightly improved by the use of power Doppler or by 
the use of ultrasound microbubble contrast media 
(Fig. 10.22).°! Three general color Doppler flow patterns 
have been described: 1) increased focal flow, 2) in- 
creased flow around a nodule, and 3) asymmetric flow 
with increased number and size of vessels on the side 
harboring tumor. When seen in association with a low- 


reflective nodule any of these flow patterns are highly 
suggestive of carcinoma. With the more difficult isore- 
flective nodule, color Doppler flow is often disappoint- 
ing. Simple three-dimensional (3-D) TRUS systems are 
now becoming available but their value remains uncer- 
tain (Fig. 10.23). Hence, in current practice, TRUS is in- 
accurate for confident diagnosis or exclusion of prostate 
carcinoma.”’ A prostate biopsy is necessary to confirm 
suspected malignancy and exclude low-volume or iso- 
reflective carcinoma in all patients with a clinical sus- 
picion of tumor, either because the PSA is elevated or 
the gland is nodular or hard on digital rectal examina- 
tion. 


Summary points: 

e Prostate carcinoma is the second most common 
male malignancy 
80% of prostate carcinoma originates in the pe- 
ripheral zone 


Most prostate carcinomas in the peripheral zone are 
isoreflective to normal prostate tissue 

Color Doppler US improves the specificity of carci- 
noma detection 

Prostate biopsy is always necessary to diagnose 
prostate carcinoma 
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Fig. 10.22 Imaging of prostate carcinoma (arrows) on color 
Doppler ultrasound (either conventional, power, or micro- 
bubble contrast-enhanced ultrasound) may improve TRUS 
specificity by 5-10% but does not obviate the need to perform 
a biopsy 


Fig. 10.23 3-D reformatted ultrasound images of the pros- 
tate gland with a low- reflective area of prostate carcinoma 
present (arrows). 3-D ultrasound has yet to find a role in 
routine practice 


Table 10.7 TRUS features of prostate carcinoma 


Prostate carcinoma TRUS features 


Diagnosis 

There is a correlation between PSA level (and tumor stage) and 
ultrasound appearances (Fig. 10.21). Below 10 ng/mL, less than 30% 
are visible but the figure rises to > 75% if PSA level is > 20 ng/mL. 
In practice most tumors are not visualized as the median PSA is 

< 15 ng/mL and falling with increased “case-finding” or “de facto” 
screening 


Strongly suggestive 

e Low-reflective nodules with indistinct edge in PZ 

e Diffuse low reflectivity in PZ 

e Nodule with surrounding altered reflectivity 

e Low-reflective area in PZ with increased vascularity 


Moderately suggestive 
e Low-reflective or isoreflective focal bulge of the PZ 
e Irregular or ill-defined capsule 


Weakly suggestive 

e Low-reflective nodule in the inner gland 

e Focal increase in vascularity of an isoreflective area in the PZ 
e Focal increase in vascularity in the inner gland 


Staging 

Accuracy: 50-92% for extracapsular extension; 78% for seminal 
vesicle extension. 

MRI is more accurate 


Extracapsular extension 

e Irregular, low-reflective bulge of capsule 

e Infiltration into periprostatic fat 

Neurovascular bundle 

e Asymmetry 

e Enlargement 

Seminal vesicle involvement 

e Loss of angle between seminal vesicle and base of gland 
e Enlargement of seminal vesicle 

High Gleason grade 

e High color Doppler flow may signify higher Gleason grades 


PZ = peripheral zone; TZ = transitional zone; CZ = central zone; PSA = prostate-specific antigen 


Staging of Prostate Carcinoma A : : : 
ging carcinoma is also dependent on the histological or 


Known prostate carcinoma may be locally staged with 
TRUS but only with limited accuracy, namely 50-92% 
for extracapsular extension and 78% for seminal vesicle 
extension (Table 10.7).°7-*4 In clinical practice, staging 
is better carried out with MR or CT imaging, combined 
with an isotope bone scan. Clinical outcome of prostate 


Gleason score determined from the prostate biopsies.” 
Further but less specific measures of clinical outcome 
are the number of prostate biopsies that reveal carci- 
noma, the percentage of the core length involved by 
carcinoma, and whether biopsies from both lobes were 
positive. 
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Follow-up of Prostate Carcinoma 


TRUS is of limited value and cannot replace PSA-level 
monitoring. Following radiotherapy, the prostate gland 
may vary from diffusely low-reflective or resemble a 
mixed-reflective pattern, with or without a prominent 
“capsule.” The value of color Doppler ultrasound has 
not been established. After prostatectomy, nodular 
areas in the prostate bed may denote residual tumor 
and may be subject to a biopsy. 


Summary points: 
e TRUS has limited accuracy for local staging of pros- 
tate carcinoma 


e Staging of prostate carcinoma is better with CT or 
MRI 

e Staging is also dependent on the histology (Gleason 
score) 


E Unusual Transrectal Ultrasound Abnormalities 


Other rare prostate abnormalities may be demon- 
strated and their ultrasound appearances are described 
in Table 10.8. 


Transrectal Ultrasound- Guided 
Intervention 


A Prostate Biopsy 


A prostate biopsy can be performed by the transrectal or 
transperineal route. Modern transducers allow biopsy 
by the transrectal route, and the transperineal route is 
normally reserved for brachytherapy implantation. The 
advantage of the transrectal route is ease and relative 
comfort for the patient but at the risk of infection and 
rectal bleeding. All patients should have antibiotic pro- 
phylaxis; the agent of choice varies but the use of a 5- 
quinolone is a common choice. The evidence for the use 
of an antianerobic agent as well is less strong. Local 
anaesthetic is also increasingly used.°©°” Table 10.9 lists 
the preprocedural and equipment details. 

The number of biopsies necessary to confidently 
exclude clinically significant prostate carcinoma is a 
matter of continuing debate. Subjecting only visible 
abnormalities to biopsy is highly inaccurate, and a sys- 
tematic sampling technique is necessary to identify the 
sonographically invisible cancers. Six cores, targeted 
onto the peripheral zone, was the practice standard 
but studies suggest that this may miss 19-31% of tu- 
mors, and increasingly eight, 10, 12, or more biopsies 


Table 10.8 Unusual abnormalities of the prostate gland 


Abnormality TRUS findings 


Tuberculosis (may be secondary 
to intravesical BCG for treatment 
of bladder carcinoma) 


Similar to prostatitis 


Sarcoidosis Nonspecific 


Infarction (particularly following  Low-reflective nodules 


bladder catheterization) 


Lymphoma (usually non-Hodgkin Large, low-reflective masses 


lymphoma) throughout the gland with 
periprostatic infiltration 

Leukemia Nonspecific 

Metastasis (lung or melanoma) Nonspecific 


Low-reflective nodules with 
multiple, small, low-reflective 
foci 


Comedocarcinoma 


Other rare cancers Nonspecific 


Table 10.9 Preparation and equipment necessary for TRUS- 
guided prostate biopsy* 


e Stop anticoagulation (warfarin) until international normalized 
ratio (INR) <1.3. Stop clopidogrel for seven days. Evidence 
suggests that aspirin may be continued safely.” Commence 
antibiotics at least one hour before biopsy 

e Biopsy attachment: Either a disposable unit or a reusable metal 
guide 

e 15-20-cm, 22-gauge spinal needle, 10-mL syringe, and 1% 
plain lignocaine (or lidocaine) for local anesthesia 

e Sterile 18-gauge biopsy needle, with biopsy “gun” or device. 
Needle length longer than the length of the biopsy guide (16 cm 
long). Seminal vesicle biopsies are easier with a 20-cm needle 
length. Core length of the needle “notch” should be 1.5-2.0 cm, 
but seminal vesicle biopsy requires a shorter length of 1 cm 

e Separate pots with formalin-saline solution for each core so the 
anatomical position of the tumor is known 

* A small pot of sterile saline to “swizzle” and clean the needle tip 
in order to remove the formalin between biopsies 


are being advocated.°*-® More cores may identify extra 
tumors, but there is a concern that these may be insig- 
nificant carcinomas and diagnosed at the expense of 
extra complications.” A summary of the principles of 
prostate biopsy (or more accurately sampling) and the 
different biopsy policies are detailed in Figure 10.24. 
Currently it is advocated that at least octant biopsies be 
performed as standard practice, but with large prostate 
glands (> 80 mL) or in those undergoing repeat biopsies 
12 or more cores should be considered to include the 
inner gland. 


E Biopsy of the Postprostatectomy Bed 


After total prostatectomy the PSA level should be un- 
detectable. If not, or if the PSA starts rising after a nadir, 
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Principles: Sextant biopsy pattern: This is the modified version of the classical pattern described; 
e Coverage should be maximized for the the middle biopsies were moved laterally and the trajectories directed obliquely to 
peripheral zone and areas of high tumor incidence; increase sampling of the peripheral zone (70). However, even this pattern misses many 
the apex, postero-lateral margins, and the medial carcinomas. 

base. 

e Systematic strategies perform better than guided 
biopsies as most carcinomas are iso-reflective and 
prostate carcinoma is often multifocal. 

e The classical sextant biopsy pattern may miss 
20-30% of carcinomas; at the moment 8 biopsies are 
a common choice (with additional cores through focal 
abnormalities). 

e Transitional zone biopsies have a low pick rate 
(2-8%) and should be reserved for repeat biopsies. 

e For large glands or repeat biopsies (rising PSA 
or previous PIN) more than 8 should be taken (12 
biopsies) and the transitional zone included. 

e For staging biopsies the base of the seminal 
vesicles and the prostate capsule should be sampled. 


Alternative biopsy patterns described to improve sampling 


Urology 


Complications: +" a 
. Hematuria in 12.5-80%; hematospermia in 5.1— 

89% and between 1.3 and 37% notice rectal 

bleeding (pooled data from existing literature). 

Serious hemorrhage is usually due to heavy i 

rectal bleeding and occurs in 0.2-1%. 

Septicemia in 1-2%. 

Urinary retention appears to be higher with >12 Notes: 8 PZ biopsies: improved detection rate from 85% to 97% (71). 10 PZ biopsies: 20% improved accuracy (60, 

biopsies and if urethra is transgressed with deep 72). Ravery et al (72) however reported only a 3% improvement. 12 biopsies; 12 biopsies targeted onto the PZ and 

inner gland biopsies. TZ, 20% improved accuracy (65) but increased hematospermia and rectal bleeding (73) (recommended for large 
glands and repeat biopsies). 11 core multi-site: sampling of anterior TZ, midline of the gland as well 4 lateral PZ 
biopsies (74). 33% improved diagnosis, the extra PZ biopsies contributing most to improved diagnosis. TZ biopsies 
have a low positive rate (between 2 and 10%) and advocated only for repeat biopsies. “5 Region Biopsy”: 13 
biopsies of the peripheral zone (75), improved diagnostic rate by 35%, but high hematuria rate (80%) because of 
midline biopsies. Other patterns: saturation biopsies where 24 to 30 cores taken under sedation/anesthesia with 
high urinary retention rate. Staging biopsies target the capsule and seminal vesicles. Transurethral biopsies for 
sampling gland immediately anterior to the urethra. 


Fig. 10.24 The principles of prostate biopsy 


concern is raised about residual prostate carcinoma. 
This may be due to bony or lymph node metastasis, 
but if appropriate investigations (isotope bone scan and 
CT or MR imaging) are negative there may be residual/ 
recurrent disease at the anastomosis (Fig.10.25). The 
anastomosis and surrounding tissues may be of mixed 
reflectivity and asymmetric due to either normal post- 
operative fibrosis or recurrent tumor; and biopsy is 
necessary for differentiation.°°°” At least two cores 
should be taken, one from either side and just above 
the anastomosis. 


Summary points: 
e Prostate biopsy is nearly always performed by TRUS 
e Prophylactic antibiotics and local anaesthetic are 
administered 
The peripheral zone of the prostate is targeted for 


Fig. 10.25 Normal TRUS views of the postradical prosta- 
tectomy bed. The arrow points to the perianastomotic tissues. 
systematic biopsy The appearances can be variable and biopsy is necessary to 
The number of samples obtained varies from six to exclude recurrent disease 


2 


Subjecting visible abnormalities to biopsy is inaccu- 
rate 
More biopsy cores diagnose more tumors 
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E Drainage of Prostate Abscess, 
Cyst, or Seminal Vesicles 


Drainage procedures may be carried out under trans- 
rectal guidance in the left lateral position after anti- 
biotic coverage, although a more purist approach would 
be via the transperineal route in order to decrease the 
risk of introduced infection or contamination. A long- 
shaft (20 cm), 20-22-gauge needle can be accurately 
guided into the suspected fluid collection and aspirated. 
If necessary iodinated contrast medium may be in- 
jected via the indwelling needle to assess for commu- 
nication with the ejaculatory ducts or urethra, or in 
suspected cases of obstructive infertility. This re- 
quires fluoroscopic facilities. 


T Prostate Brachytherapy 


Implantation of radioactive seeds (normally '*71) for the 
treatment of gland-confined prostate carcinoma has 
become an accepted procedure. Recent data show that 
more than 85% of T1 and T2 tumors are disease-free at 
10-year follow-up.°? Dedicated equipment is necessary, 
namely a transperineal transducer, a brachytherapy 
gantry and grid, and the appropriate radiotherapy plan- 
ning software. The technique is merely an extension of 
transperineal biopsy but requires spinal or general 
anaesthetic as 20-30 needle insertions (to deliver 
100-120 seeds) are required. 


a Prostate Ablation 


Many minimally invasive techniques have been tried 
for ablation of prostate tissue for the treatment of BPH 
or prostate cancer, for example microwave heating, 
cryotherapy, HIFU, transurethral needle ablation 
(TUNA), and laser ablation. All are successful to a vari- 
able degree but none has been overwhelmingly so. 
TRUS can contribute in the planning or execution of 
many of these techniques. 
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11 Diseases of the Testis and Epididymis 


P. S. Sidhu 


w Introduction 


The superficial nature of the scrotal sac and contents 
lends itself to detailed and precise imaging with ultra- 
sound. As a consequence, ultrasound is firmly estab- 
lished as the first-line and often only imaging modality 
employed in the assessment of scrotal abnormalities. 
Recent technical advances in transducer design and 
image processing have further improved ultrasound 
diagnosis of diseases of the scrotal contents. This chap- 
ter will deal with aspects related to the testis and 
epididymis, detailing both normal ultrasound features 
and those features related to disease processes. 


EE Normal Anatomy 
During the seventh month of fetal development, as a 


result of the rapid growth of the fetal body and failure 
of growth of the gubernaculum testis, the testes de- 


scend into the scrotal sac. A dense layer of fibrous 
connective tissue called the tunica albuginea forms a 
capsule that covers the testis. The testis is then further 
covered by a reflected fold of the processes vaginalis 
that becomes the visceral layer of the tunica vaginalis, 
with the remainder of the peritoneal sac forming the 
parietal layer of the tunica vaginalis. The visceral layer 
of the tunica vaginalis covers the testes and the epidi- 
dymis, whereas the parietal reflection covers the ante- 
rior and lateral parts of the testes and the epididymis, 
leaving a “bare area” to which the mesentery of the 
testis is attached. A reflection of the tunica albuginea 
forms the mediastinum testis, within which the rete 
testis forms (Fig. 11.1).! 

The arterial supply to the scrotal sac and contents 
arise from three sources: The testicular artery (arising 
from the aorta and supplying the testis), the cremasteric 
artery (a branch of the inferior epigastric artery, supply- 
ing the scrotal sac and the coverings of the spermatic 
cord), and the artery to the ductus deferens (arising from 


Skin 


Fig. 11.1 Anatomical layers 
surrounding the normal testis. 
The shaded area between the 
two layers of the tunica vaginalis 
is the area of fluid accumulation 
giving rise to a hydrocele (shaded 
area, potential space for fluid ac 
cumulation). (Source: Sidhu PS. 
Clinical and imaging features of 
testicular torsion: role of ultra- 
sound. Clin Radiol 1999;54: 
134-143) 
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the superior vesicle artery) (Fig.11.2). Veins exit the 
testes at the mediastinum; join the veins draining the 
epididymis to form the pampiniform plexus at the 
superior aspect of the testes. The cremasteric plexus 
(mainly draining extratesticular blood) lies posterior 
to the pampiniform plexus. The right testicular vein 
drains directly into the inferior vena cava (IVC) below 
the level of the right renal vein, whereas the left tes- 
ticular vein drains into the left renal vein (Fig. 11.3). 
These three arteries and the veins are loosely held 
together by connective tissue along with nerves, lymph 
vessels, and the ductus deferens in the spermatic cord.” 
Although there are anastomoses between these ar- 
teries, these are not sufficient to prevent testicular 
ischemia when the testicular artery is compromised. 


= left testicular 
artery 


<@— Left inferior 


~a— Left cremasteric 
artery 


Fig. 11.2 Normal arterial anat- 
omy of the testis. (Source: Sidhu 
PS. Clinical and imaging features 
of testicular torsion: role of ul- 
trasound. Clin Radiol 1999;54: 
134-143) 


epigastric artery 


Summary points: 

e The tunica albuginea covers the testis; a reflection 
forms the mediastinum testis 

e Two layers of tunica vaginalis (visceral and parietal) 


leave a small bare area 

e Three arteries supply the scrotum: The testicular 
artery, the cremasteric artery, and the artery to the 
ductus deferens 

e Pampiniform plexus drains into the testicular vein 
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EE Ultrasound Examination Technique 


Examination should always take place in a private set- 
ting, with the person undertaking the examination us- 
ing a gloved hand for the examination. A chaperone 
should be present. The ultrasound gel should be warm, 
and copious amounts applied. The scrotal sac may be 
held in a stable position by placing paper towels beneath 
the sac, and the penis should be held against the anterior 
abdominal wall, by the patient, and preferably covered 
with paper towels. By crossing the legs the patientis able 
to provide for more a stable position for the examina- 
tion. A high-frequency linear array probe (7-12 MHz) 
should be used, with sensitive color and spectral Dopp- 
ler capabilities. Typically the probe length should be 
such as to allow longitudinal length measurements of 
the testis. Initially both testes are examined in the trans- 
verse plane, in order to produce the “spectacle” view to 
allow comparison of testicular parenchyma features, 
which is important if a unilateral global testicular prob- 
lem is suspected (Fig. 11.4). The examination of the en- 
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Fig. 11.3 Normal venous drain- 
age of the testis. (Source: Sidhu 
PS. Clinical and imaging features 
of testicular torsion: role of ul- 
trasound. Clin Radiol 1999;54: 
134-143) 


Left testicular 
vein 


Pampiniform 
plexus 


tire scrotal sac should include both the transverse and 
longitudinal planes, documenting any abnormalities 
present. Testicular volume may be calculated and color 
Doppler ultrasound will confirm vascular supply. 


Summary points: 
e In US examination of the testes, a high-frequency 
linear array transducer is used 


e Sensitive color Doppler facility 
e “Spectacle” transverse view through both testes is 
essential 


ma Normal Ultrasound Appearances of 
the Testis and Epididymis 


The testes are homogenous and of medium-level re- 
flectivity (Fig. 11.5). At birth the testis measures approx- 
imately 1.5 cm in length and 1.0 cm in width, and before 
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Fig. 11.4 Transverse view through both the testes. The “spec 
tacle view” allows comparison of the reflectivity of the two 
testes, of particular importance in infiltrative lymphoma and 
leukemia. In this example there is atrophy and altered reflec 
tivity of the left testis following surgery for cryptorchidism 


Fig. 11.6 The mediastinum testis is seen as a highly reflective 
linear structure at the posterior—superior aspect of the testicle 
(arrows) draining the seminiferous tubules of the testes into 
the rete testis 


Fig. 11.7 The rete testis is a low-reflective area at the hilum of 
the testis with fingerlike projections into the parenchyma (ar- 
row) 


Fig.11.5 a The right testis from the same patient as in 
Fig. 11.4. It measures 4.7 cm in length and demonstrates nor- 
mal, smooth reflectivity. 

b The left testis in the same patient is smaller, measuring 
3.1 cm, and demonstrates a less uniform reflectivity 


age 12 the testicular volume is 1-2 mL. In the adult, 
testicular length may be up to 5 cm. Volume measure- 
ment is calculated using the formula length x width 
x height x 0.51. A total volume (both testis) of > 30 mL 
is indicative of normal function? A testicular volume 
>2mLallows reliable appreciation of intratesticular 
color Doppler flow. The mediastinum testis is seen as 
a highly reflective linear structure at the posterior—su- 
perior aspect of the testicle, draining the seminiferous 
tubules of the testes into the rete testis (Fig. 11.6). The 
rete testis is a low-reflective area at the hilum of the 
testis with fingerlike projections into the parenchyma 
(Fig.11.7).> Apart from these projections, the paren- 
chyma of the testis should remain of homogenous re- 
flectivity. The appendix testis (a vestigial remnant of the 
miillerian duct) is present in the majority of patients, 
most commonly at the superior testicular pole or in the 
groove between the testis and the head of the epididy- 
mis medially.® There is marked variation in the size and 
appearance of an appendix testis; it is usually oval, 
although a stalklike cystic structure is occasionally 
seen (Fig. 11.8). 


The epididymis is 6-7 cm in length. The head (globus 
major) is a pyramid-shaped structure lying superior to 
the upper pole of the testis. The body courses along the 
posterolateral aspect of the testicle. The tail (globus 
minor) is slightly thicker than the body and can be 
seen as a curved structure at the inferior aspect of the 
testicle where it becomes the proximal portion of the 
ductus deferens. The body and tail are of similar or 
slightly lower reflectivity when compared with the 
testis, whilst the head is of slightly higher reflectivity 
(Fig. 11.9). Color Doppler signal may be identified in the 
normal epididymis.” The appendix epididymis is not as 
frequently seen as the appendix testis. It is part of the 
mesonephric (wolffian duct), and projects from the 
epididymis from different sites, most commonly the 
head. It usually has a stalklike appearance. The globus 
major measures 10-12 mm in diameter, the body less 
than 4 mm (average: 1-2 mm) in diameter.’ 


Summary points: 
The normal testis is of medium-level, smooth re- 
flectivity 
The mediastinum testis is a linear, high- reflective 


structure 

The epididymal head is a pyramidal structure; the 
epididymal body is of lower reflectivity 

The testicular and epididymal appendix are present 
at the superior aspect 


Intratesticular Abnormalities 


m Normal Variants 
Transmediastinal Artery 


An intratesticular artery traverses the testis in a cen- 
trifugal direction in a reported 52% of patients, unilat- 
erally in half.'!° The artery is readily identified with 
color Doppler ultrasound, and returns a low-resistance 
spectral Doppler waveform (Fig. 11.10). 


Fig. 11.10 Color and spectral Doppler ultrasound of transme- 
diastinal vessels demonstrate the normal low-resistance pat- 
tern of the testicular artery and a normal venous waveform 
pattern 
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Fig. 11.8 There is marked variation in the size and appearance 
of an appendix testis. It is usually oval, although a stalklike 
cystic structure is occasionally seen (arrow) 


Fig. 11.9 Changes in reflectivity of the epididymis. The low 
reflectivity of the body (long arrow) alters in the head of the 
epididymis (short arrow) to a higher reflectivity 
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Fig. 11.11 a There is a well-demarcated, low-reflective ap- 
pearance generated through the testis (arrows) which does 
not appear to be related to a pathological cause. b Following 


Fig. 11.12 A florid example of a rete testis, with a number of 
cysts of varying size present adjacent to the mediastinum of 
the testis 


Two-Tone Testis 


The term “two-tone” describes the appearance of an 
artifact within the testis where an intratesticular artery 
produces acoustic shadowing, resulting in a discreet 
uniform area of decreased reflectivity posterior to the 
artery (Fig.11.11). This artifact is caused by refractive 
shadowing at both edges of the intratesticular artery." 
The reflectivity of the remainder of the testis is normal. 
The use of color Doppler ultrasound readily confirms 
the presence of the intratesticular artery as being the 
source of the artifact. 


Rete Testis 


The rete testis is located in the mediastinum testis 
(Fig. 11.12). Microscopically the rete testis is composed 
of three parts: The septal (interlobular) portion con- 
taining the tubuli recti, the tunical (mediastinal) por- 
tion consisting of a network of channels, and the extra- 
testicular rete, comprising the irregular-shaped lacunar 


Te sa b 


the use of color Doppler ultrasound, the cause of this appear- 
ance is a prominent transmediastinal artery and vein 


spaces which connect to the efferent ducts." Seminif- 
erous tubules contained within 250 lobules join the 
tubuli recti, and the efferent ducts drain out into the 
epididymis. On ultrasound, the rete testis has a spec- 
trum of appearances ranging from a faintly visible ill- 
defined area of decreased reflectivity (18% of patients) 
at the testicular hilum to a coarse tubular appearance 
with fingerlike projections into the parenchyma.” 


Appendix Testis 


A remnant of the paramesonephric and mesonephric 
ducts may remain to form the appendix testis (hydatid 
of Morgagni) and appendix epididymis, respectively. 
Three further appendages, not seen on ultrasound, 
have been identified microscopically: The paradidymis 
(appendix of the cord or organ of Giraldés) arising from 
the spermatic cord and the superior and inferior vas 
aberrans of Haler." The appendix testis is found at the 
upper pole of the testis in the groove between the testis 
and the laterally situated head of the epididymis. The 
appendix testis can measure between 1 and 7 mm in 
length, and may be present in up to 92% of patients, 
bilaterally in 69%.'4 The appendix testis is usually of 
similar reflectivity to the head of the epididymis, best 
seen in the presence of a hydrocele, with a variable 
morphology, most commonly being oval-shaped and 
sessile, but it may appear “stalklike” and pedunculated, 
cystic, or even calcified.® The “stalklike” and cystic ap- 
pendices are associated with an increased likelihood of 
appendiceal torsion, recognized as a cause of acute 
scrotal pain. The epididymal appendix is less fre- 
quently seen on ultrasound (6%), has a length of be- 
tween 3 and 8 mm, is more frequently stalked, and, like 
the testicular appendix, may undergo torsion, although 
less commonly so."* On occasion both an epididymal 


Fig. 11.13 Two areas (arrows) arising from the upper aspect of 
the testis. Both are isoreflective to the epididymal head, sur- 
rounded by a small hydrocele. The image demonstrates both 
the appendix testis and the appendix epididymis; differentia- 
tion is not possible on this image 


and testicular appendage may be seen in the same 
patient (Fig. 11.13). 


Polyorchidism 


Polyorchidism (more than two testes) is a rare condi- 
tion and most commonly involves a bifid or duplicated 
testis with a single epididymis, with a uniform sur- 
rounding tunica albuginea (Fig. 11.14).'°!” Less common 
is a complete duplication of the testis and epididymis. 
On ultrasound, the extra testis demonstrates reflectiv- 
ity identical to the normal testis.'® 


E Intratesticular Focal Lesions 
Testicular Tumors 


Testicular carcinoma represents 1% of all neoplasm in 
men and is the most common malignancy in the 15-34- 
year-old age group.!? A second peak prevalence occurs 
in the 71-90-year-old age group, with metastasis and 
lymphoma most common. There has been an unex- 
plained increase in the prevalence of testicular carci- 
noma over the last 70 years, and testicular carcinoma is 
predominantly a cancer of white males. The most com- 
mon presenting symptom is a painless scrotal mass; 
only 10% of patients present with pain. A smaller num- 
ber of patients present with metastases or rarely with 
endocrine abnormalities such as gynecomastia. Survival 
rates for testicular carcinoma approach 95%.'° 

There are well-documented risk factors for the de- 
velopment of testicular carcinoma, namely previous 
testicular tumor, family history, cryptorchidism, infer- 
tility, and intersex syndromes. Testicular tumors may 


Intratesticular Abnormalities 


Fig. 11.14 A normal testis (long arrow) with a normal epididy- 
mal head (short arrows) and a further mass. It is isoreflective to 
the normal testis (arrowhead) lying in a superior position, 
representing an extra testicle: Polyorchidism 


Table 11.1 Classification of testicular tumors~* 


Germ cell tumors 
Precursor lesions 
Intratubular germ cell neoplasia 
Tumors of one histological type 
Seminoma 
Embryonal carcinoma 
Yolk sac tumor 
Choriocarcinoma 
Teratoma 
Mature 
Immature 
With malignant transformation 
Tumors of more than one histological type 
Sex cord and stromal tumors 
Leydig cell tumor 
Sertoli cell tumor 
Granulosa cell tumor 
Fibroma-thecoma 


Tumors with both sex cord and stromal cells and germ cells 
Gonadoblastoma 


Lymphoid and hematopoietic tumors 
Lymphoma 
Leukemia 


Metastasis 


be divided into germ cell and nongerm cell tumors; 95% 
of testicular tumors are germ cell tumors which arise 
from spermatogenic cells. Nongerm cell tumors derive 
from sex cords (Sertoli cells) and stroma (Leydig cells); 
these tumors are malignant in 10% of cases. Lymphoma, 
leukemia, and metastases may manifest as testicular 
tumors (Table 11.1). 

Most testicular tumors are of homogenous, low re- 
flectivity in comparison to the surrounding testicular 
parenchyma, although a wide range of appearances oc- 
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Fig. 11.15 a A low-reflective mass lying within testicular pa- 
renchyma, with a well-delineated border (arrow) demonstrat- 
ing features of a seminoma. b Following the addition of color 
Doppler ultrasound, there is intralesional vascularity demon- 
strated in the seminoma 


cur, including high-reflective, heterogeneous lesions 
with areas of calcification and cystic change.” Larger 
tumors demonstrate increased vascularity, although 
with the newer high-frequency transducers, malignant 
vascularity may be identified in small-volume tu- 
mois” 


Summary points: 
e Testicular tumors = 1% of all male neoplasm 
Higher incidence in the 15-34-year-old age group 


Increasing in prevalence for unknown reasons 
Cancer of white males 
Commonly presents as a painless scrotal mass 


Germ Cell Tumors 


The precursor of germ cell tumors is thought to be 
intratubular germ cell neoplasia; if development is 
along a “unipotential” gonadal line, a seminoma will 
form, but if development occurs along a “totipotential” 
gonadal line, a nonseminomatous tumor will develop.”4 
The “totipotential” cells may remain undifferentiated 
(embryonal carcinoma), develop toward embryonic dif- 
ferentiation (teratoma) or extraembryonic differentia- 
tion (yolk sac tumors, choriocarcinoma). Multiple his- 
tological types occur together (mixed germ cell tumor), 
as these “totipotential” cells develop along multiple 
pathways.?° 

Most germ cell tumors spread via the lymphatic 
system rather than hematogenous, except for chorio- 
carcinoma. Normally testicular lymphatic drainage fol- 
lows the testicular vein, occurring in a predictable pat- 
tern. Orchidectomy for all testicular tumors is per- 
formed through an inguinal approach to avoid skin 
involvement and spread to the external iliac nodes. 
Staging of testicular carcinoma follows the tumor, 
node, metastasis (TNM) classification.” Tumor markers 
play an important role in diagnosis, staging, prognosis, 
and follow-up of germ cell tumors.” The most impor- 
tant tumor markers are alpha-fetoprotein (AFP), human 
chorionic gonadotrophin (HCG), and lactate dehydro- 
genase (LDH). 


Seminomatous Germ Cell Tumors 

Seminoma is the most common pure germ cell tumor, 
accounting for up to 50% of cases, occurring in a slightly 
older patient group of age 40. The ultrasound appear- 
ances reflect the uniform cellular nature of the tumor; 
they are uniformly of low reflectivity, although larger 
tumors may be heterogeneous, lobulated, or present as 
multinodular areas in continuity (Fig. 11.15). These tu- 
mors are extremely radiosensitive. 


Nonseminomatous Germ Cell Tumors 

Mixed Germ Cell Tumors 

Mixed germ cell tumor contains more than one germ 
cell component; any combination of cell type can occur. 
The average age of presentation is 30 years. These tu- 
mors constitute up to 60% of all germ cell tumors and 
are more common than the pure histological forms of 
testicular tumors (Fig. 11.16). 


Embryonal Carcinoma 

This is the second most common pure germ cell tumor 
after seminoma; embryonal carcinoma is present in 
87% of mixed germ cell tumors, but in the pure form 
accounts for 2% of all testicular tumors. Embryonal 
carcinoma affects younger men (age 25-35) and tends 
to be more aggressive. These tumors are often hetero- 


geneous, ill-defined, blending imperceptibly into adja- 
cent testicular parenchyma. 


Choriocarcinoma 

Choriocarcinoma is a rare tumor, occurring in a pure 
form in < 1% of patients, but in a mixed germ cell tumor 
in 8% of patients, where it is highly malignant. Chorio- 
carcinoma carries the worst prognosis of any germ cell 
tumor; a high level of HCG confers a poor prognosis. 


Yolk Sac Tumor 

Yolk sac tumors account for 80% of childhood (< age 
two) tumors but is rare in adults. Elevation of AFP levels 
is present. The imaging features are nonspecific, often 
just testicular enlargement in children. 


Teratoma 

Teratoma is the second most common testicular tumor 
in children (< age four), and teratoma cells occur in over 
50% of adult cases of mixed germ cell tumors. A tera- 
toma tends to be a complex tumor, and the ultrasound 
features are those of a well-defined complex mass with 
cystic change (Fig. 11.17). Calcification may be present. In 
the prepubertal testes a pure teratoma runs a benign 
course and testis-sparing surgery may be undertaken. 
This is not true for the postpubertal teratoma, which will 
metastasize irrespective of the histological features. 


Epidermoid Cyst 

The pathogenesis of an epidermoid cyst is uncertain; it 
either arises from monodermal development of a ter- 
atoma or as a result of squamous metaplasia of surface 
mesothelium. These are benign lesions with no malig- 
nant potential.” Epidermoid cysts comprise 1% of all 
testicular tumors and are true cysts, containing a cheesy 
laminated material. On ultrasound, epidermoid cysts 
are well-circumscribed with a high-reflective border 
and internal laminations giving an “onion-ring” appear- 
ance (Fig. 11.18).78 


“Regressed” or “Burnt-out” Germ Cell Tumors 

Patients may present with widespread metastases but 
no primary tumor except for an area of calcification 
within the testis.2° The pathogenesis of this phenom- 
enon may be the result of a high metabolic rate of the 
tumor, which outgrows its blood supply and involutes 
(Fig. 11.19). 


Intratesticular Abnormalities 


Fig. 11.16 A focal mass (arrows), a mixed germ cell tumor, is 
present at the lower aspect of the testis, heterogeneous but 
mainly high reflectivity and is not as clearly defined as the 
example of the seminoma in Fig. 11.15 


Fig. 11.17 A lobulated mass at the upper aspect of the 
testis (arrows) demonstrating cystic change and focal cal- 
cification (arrowhead). A teratoma 


Fig. 11.18 An epidermoid cyst (long arrow). It demonstrates 
a well-circumscribed, low-reflective appearance with a high- 
reflective border and internal laminations (small arrows) giving 
an “onion-ring” appearance 
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Fig. 11.19 A focal clump of calcification (arrow) is present in 
the central aspect of the testis on ultrasound in a patient with a 
retroperitoneal germ cell tumor. A “burnt-out” testicular tu- 
mor 


Fig. 11.20 a A large, mixed-reflective, heterogeneous tumor 
at the lower aspect of the testis which on histological exami- 
nation was found to be a Leydig cell tumor. b The same Leydig 
cell tumor demonstrating increased color Doppler flow in both 
a peripheral and central distribution 


Summary points: 

e Unipotential gonadal cell line develops into a semi- 
noma 

e Totipotential gonadal cell line develops into non- 


seminoma 

e Multiple histological cell types occur together: Mixed 
germ cell tumor 

e Tumor spread is via the lymphatic system 


Nongerm Cell Tumors 


The prevalence of nongerm cell tumors is higher in the 
pediatric age group, constituting 30% of all testicular 
tumors. Nearly all nongerm cell tumors are benign, but 
there is no clear ultrasound criterion that allows differ- 
entiation from malignant testicular tumors. Leydig cell 
tumors occur across all age groups and account for 3% of 
all testicular tumors. Patients demonstrate symptoms 
related to androgen or estrogen secretion by the tumor, 
which includes precocious virilization, gynecomastia, or 
decreased libido. On ultrasound Leydig cell tumors are 
small, commonly of low reflectivity with cystic 
change.?° Use of color Doppler ultrasound may demon- 
strate poor internal color Doppler flow with increased 
peripheral vascularity in Leydig tumors when small, but 
vascularity increases with tumor size (Fig. 11.20).?! Ser- 
toli cell tumors constitute 1% of all testicular tumors, 
and are less likely than Leydig cell tumors to secrete 
hormones. On ultrasound the Sertoli cell tumors are 
well-circumscribed, round, and lobulated. 


Lymphoma 

Testicular lymphoma may be the primary site of in- 
volvement, the initial manifestation of widespread dis- 
ease, or the site of recurrence. Testicular lymphoma, 
which accounts for 5% of testicular tumors, is the 
most common testicular tumor in the over 60-year- 
old age group. The ultrasound appearances of testicular 
lymphoma are similar to germ cell tumors: Discrete, 
low-reflective lesions with increased color Doppler 
flow but complete testicular involvement may be 
seen, emphasizing the need to compare the reflectivity 
of both testes (Fig. 11.21).?? 


Leukemia 

Primary leukemia of the testis is rare, although a com- 
mon site of recurrence in children. The ultrasound ap- 
pearances are very variable, being unilateral or bilat- 
eral, diffuse or focal, low- or high-reflective.*? 


Metastasis 


Metastasis to the testis is unusual, with the most fre- 
quent primary sites being the prostate, lung, mela- 
noma, colon, and kidney.?* Metastasis usually occurs 
in advanced disease and is indistinguishable on ultra- 
sound from primary tumors of the testis (Fig. 11.22). 


Splenogonadal Fusion 

Splenogonadal fusion is a rare condition where an ac- 
cessory spleen exists within the scrotum or pelvis fused 
to the gonadal organs; the majority of cases occur on 
the left side. Splenogonadal fusion is far more common 
in males, where presentation is usually with a scrotal 
mass.*> Two types of splenogonadal fusion are de- 
scribed: Continuous and discontinuous.*° In the more 
common continuous type, a cord connects the normal 
and ectopic spleen; this cord may be beaded with small 
splenunculi. In the discontinuous type no cord is 
present. There are several recognized associations 
with splenogonadal fusion: Inguinal hernia and cryp- 
torchidism are the most common, with micrognathia, 
peromelia, cleft palate, cardiac defects, and several 
other rarer congenital anomalies also reported. The 
appearance of splenogonadal fusion on ultrasound re- 
sembles a mass within the scrotal sac of low reflectivity 
in comparison to the normal testicular parenchyma.?”78 
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Fig. 11.21 a There is enlargement of the testis, with a uniform 
low-reflective appearance with a surrounding hydrocele in a 
patient with testicular lymphoma. b Color Doppler ultrasound 
demonstrates a markedly abnormal vascular pattern to the 
lymphoma infiltrated testis 


Fig. 11.22 A secondary lesion (arrow) from a prostate pri- 
mary in the testis with surrounding cystic degeneration 


The mass may not be seen separate to the testis and as 
such will be readily confused with a primary testicular 
tumor (Fig. 11.23). Color Doppler ultrasound flow in the 
abnormal tissue assumes a pattern similar to that seen 
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Fig. 11.23 aA subtle, defined lesion at the upper aspect of the 
testis (arrows) which has the appearance of a primary testicular 
tumor. b Color Doppler ultrasound of the abnormality dem- 
onstrates abnormal vascularity within the tumor. Orchidec 


Fig. 11.24 A focal area of low reflectivity (arrows), assuming 
a “wedge-shape,” in a testis of a patient complaining of 
acute testicular pain. The color Doppler appearances dem- 
onstrate absence of flow to the area, suggesting a segmental 
infarction as the cause of the appearances 


in the central aspect of the normal testis or that seen in 
splenic tissue.?? 


Adrenal Rest Cells 

Adrenal rest cells arise within the testis as a tumourlike 
abnormality in response to elevated circulating adeno- 
corticotrophic hormone (ACTH). The adrenal rest cells 
migrate with the gonadal tissue during fetal life. These 


tomy was performed, and histology demonstrated a spleno- 
gonadal fusion as the cause for these appearances. (Repro- 
duced with permission from the Editor of the Journal of Ultra- 
sound in Medicine)?’ 


tumors usually appear as focal, low-reflective abnor- 
malities with abnormal color flow and are often bilat- 
eral.40! 


Segmental Infarction 

Global testicular infarction is well-recognized, usually 
as a result of torsion of the spermatic cord, severe 
epididymo-orchitis, or trauma.f? Segmental testicular 
infarction is, however, rare and is usually diagnosed 
following orchidectomy.*? The predisposing factors to 
segmental infarction include polycythemia, intimal fi- 
broplasia of the spermatic artery, sickle cell disease, 
hypersensitivity angiitis, and trauma, although the ma- 
jority is idiopathic in origin. Segmental testicular in- 
farction is characterized by poor or absent flow on color 
Doppler ultrasound in a focal, low-reflective area with 
no posterior acoustic enhancement,***° although a 
high-reflective abnormality has been documented.“ 
Focal expansion of a pole of the testis may mimic a 
primary testicular tumor and color Doppler ultrasound 
provides a useful discriminatory tool (Fig. 11.24).4448 


Summary points: 
e Ultrasound is unable to differentiate germ cell from 
nongerm cell tumors 


e Higher prevalence of non-germ cell tumors in the 
pediatric age group 

e Nearly all non-germ cell tumors are benign 

e Lymphoma occurs in the > 60yr old age group 


Fig. 11.25 Testicular atrophy in an 80-year-old man, demon- 
strating a heterogeneous appearance 


Other Tumourlike Testicular Lesions 


A number of other focal testicular lesions may cause 
clinical and ultrasound confusion: Granulomatous epi- 
didymo-orchitis,*® sarcoidosis,°° tubular ectasia,? and 
cysts either intraparenchymal or adjacent to the tunica 
albuginea.’ 


E Diffuse Testicular Change 
Atrophy 


Testicular atrophy may occur following cryptorchidism, 
inflammation, torsion, trauma, hypothyroidism, estro- 
gen treatment, liver cirrhosis, hypopituitary disease, 
and aging. The testis is globally reduced in size, usually 
unilateral, with changes in testicular reflectivity related 
to the underlying cause, but usually of lower reflectiv- 
ity. While volume and vascularity of the testis are re- 
duced, the epididymis remains normal. Atrophy is a 
natural phenomenon of aging, where changes in the 
normal testis reflectivity, usually of a heterogeneous 
nature, may occur (Fig. 11.25).°7 


Orchitis and Abscess Formation 


Pure orchitis is uncommon; the testis is frequently in- 
volved when epididymitis occurs resulting in epidi- 
dymo-orchitis. Pure orchitis most often arises as a re- 
sult of the paramyxovirus causing mumps.°? On ultra- 
sound, the testis is enlarged with either diffuse low 
reflectivity with pure orchitis or more commonly focal 
areas of low reflectivity when associated with epididy- 
mitis. Abscess formation may occur, where the abscess 
demonstrates peripheral but no internal color Doppler 
signals (Fig. 11.26).>4 
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Fig. 11.26 a Two poorly defined heterogeneous areas in the 
testis, mainly of high reflectivity (arrows) in a patient with 
pyuria and a painful scrotum. b Color Doppler ultrasound 
demonstrates absence of color signal within these mass le- 
sions, with increased flow around the periphery. The patient 
responded to antibiotic therapy: Intratesticular abscesses. c In 
a separate patient, an irregular, mixed reflective lesion is 
present representing a chronic testicular abscess (arrow). In- 
cidental testicular microlithiasis is present 
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Fig. 11.27 Following surgery to the prostate, a patient de- 
veloped scrotal swelling. On ultrasound there is thickening of 
the scrotal skin (long arrow), a small hydrocele, and there is 
intratesticular serpiginous low reflectivity (short arrows) fol- 
lowing anatomical boundaries: Intratesticular edema 


Fig. 11.28 A silicone testicular prosthesis demonstrating 
some reverberation artifact, and uniform low reflectivity 


Postoperative Testis 


Following surgery to the pelvis, prostate, and scrotum, 
edema of the scrotal wall is a frequent finding causing 
thickening visible on ultrasound. Often there is edema 
of the testicular parenchyma causing a characteristic 
“crazy-paving” appearance as the edema follows ana- 
tomical boundaries (Fig. 11.27). 


Testicular Prosthesis 


Following orchidectomy, patients may elect to have a 
testicular prosthesis inserted, normally made of silicon. 
A testicular prosthesis has a characteristic appearance 
on ultrasound (Fig. 11.28). 


Microlithiasis and Macrocalcification 


Testicular microlithiasis describes the appearance of 
multiple tiny bright foci, measuring 1-2 mm in diame- 
ter, which may be unilateral or bilateral (Fig. 11.29). The 
number of calcified foci and the pattern of distribution 
can vary, being either very diffuse or more peripherally 
clustered.” Testicular microlithiasis is characterized by 
the formation of microliths from degenerating cells in 
the seminiferous tubules. Acoustic shadowing is not 
seen, probably due to the small size of the calcifications. 
Although usually an incidental finding during the in- 
vestigation of testicular symptoms, testicular microli- 
thiasis has been associated with various medical con- 
ditions, including infertility, cryptorchidism, Klinefelter 
syndrome, Down syndrome, and pulmonary alveolar 
microlithiasis.°° 

Testicular microlithiasis has also been found in asso- 
ciation with benign and malignant tumors in the testis, 
with reports indicating seminoma as the commonest 
tumor to occur in association with testicular microli- 
thiasis (Fig.11.30).°” Furthermore, a high number of 
patients with intratubular germ cell neoplasia have 
testicular microlithiasis; approximately 50% of patients 
with intratubular germ cell neoplasia develop testicular 
cancer within five years.°° As a consequence, the sig- 
nificance of finding isolated testicular microlithiasis is 
as yet uncertain; surveillance with ultrasound on an 
annual basis is advocated.*? 

The association of testicular macrocalcification with 
benign testicular lesions is well-documented and can 
be found in association with intratesticular cysts and 
epidermoid tumors. Benign intratesticular tumors, 
commonly derived from the Sertoli and Leydig cells of 
the seminiferous tubules, are difficult to distinguish 
from malignant tumors, and these too demonstrate 
calcification. Large, smooth, curvilinear calcification at 
the periphery of a tissue mass has been shown in Sertoli 
cell tumors. Granulomatous disease within the testes 
can also present with a low-reflective mass and areas of 
calcification within.°° The presence of macrocalcifica- 
tion in association with malignant tumors has also been 
raised, particular with the entity of “burnt-out” tumors 
(Fig. 11.31).°! 


Fig. 11.29 Bilateral testicular microlithiasis. Small, high-re- 
flective areas measuring 1-2 mm without evidence of poste- 
rior acoustic shadowing 


Fig. 11.31 A seminoma is present in the lower aspect of the 
testis (long arrow), with focal areas of macrocalcification lying 
outside the tumor margins (arrowheads) 


Summary points: 
In testicular microlithiasis, small (1-2 mm), high- 
reflective areas with no posterior acoustic shadow- 
ing are seen 
Bilateral or unilateral 


Associated with an increased prevalence of testicular 
malignancy 

High numbers of patients with testicular microli- 
thiasis have intratubular germ cell neoplasia 

Annual ultrasound surveillance is suggested 


Intratesticular Abnormalities 


Fig. 11.30 Florid testicular microlithiasis with three semi- 
nomas (arrows) seen on ultrasound. There is an increased 
prevalence of primary testicular tumors in the presence of 
testicular microlithiasis 


ee a - an 
Fig. 11.32 Ultrasound of the testis following trauma, dem- 
onstrating a fracture line (short arrows) through the midaspect 


of the testis and disruption of the lower testicular pole with a 
heterogeneous appearance of hemorrhage 


E Trauma 


Trauma from a variety of causes but mainly from a 
sporting injury may be responsible for testicular con- 
tusion, hematoma, fracture, or rupture (Fig. 11.32). Tes- 
ticular rupture is a surgical emergency. On ultrasound, 
in testicular rupture, there is discontinuity of the tunica 
albuginea, irregular heterogeneous testicular margins, a 
hematocele, and diminished color Doppler flow to the 
affected area.°~°? Direct visualization of a fracture site 
is unusual; more often parenchyma heterogeneous 
areas are seen. A hematoma will initially be seen as a 
high-reflective area, but with evolution of the hema- 
toma over time will subsequently manifest as a low- 
reflective, complex cystic structure. 
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en Extratesticular Abnormalities 


Inguinal Hernia 


Physical examination is normally sufficient to arrive at 
the diagnosis of an intrascrotal inguinal hernia; ultra- 
sound may be useful in the difficult cases. On ultra- 
sound the hernia contains bowel or omentum, giving 
rise to peristalsis of fluid-filled loops of bowel, air 
within bowel, or high-reflective omental fat. 


Hydrocele 


Between the two layers of the tunica vaginalis, there is 
normally a little serous fluid, and this may be visualized 
in up to 85% of asymptomatic men.? When the collec- 
tion of fluid becomes large, a hydrocele develops, the 
commonest cause of a painless scrotal swelling. A hy- 
drocele is normally of low reflectivity, with posterior 
acoustic enhancement, but may contain multiple ech- 
oes in the presence of cholesterol crystals (Fig. 11.33).°4 
Hydroceles may be idiopathic or develop secondary to 
trauma (hematocele), infection (pyocele), torsion, tu- 
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Fig. 11.33 The testis (arrow) is displaced inferiorly by a large 
hydrocele with extensive, highly reflective material within the 
hydrocele representing cholesterol crystals 


mor, or be congenital (secondary to a patent processes 
vaginalis). The testis is normally displaced to the pos- 
terior aspect of the scrotal sac in the presence of a 
hydrocele, in contrast to the inferior position when a 
large epididymal cyst causes displacement of the testis. 


Spermatic Cord 


The spermatic cord runs from the deep inguinal ring 
into the scrotum. The principal artery of the spermatic 
cord is the testicular artery, but also present are the 
artery to the vas deferens and the cremasteric artery. 
Although it is not possible to identify a named artery 
within the spermatic cord, color Doppler is able to 
demonstrate the three individual arteries within the 
spermatic cord (Fig.11.34).°° Despite anastomoses ex- 
isting between the testicular, deferential, and cremas- 
teric arteries, one of the arteries will consistently show 
a significantly lower resistive index (RI) than the other 
two arteries. 


Spermatic Cord Torsion 


Testicular torsion occurs when the spermatic cord is 
twisted; the correct term is spermatic cord torsion.© 
A narrow mesenteric attachment from the spermatic 
cord to the testes and epididymis is regarded as the 
dominant cause, a slender attachment occurring as a 
result of a small testicular bare area. This allows the 
testes to fall forward within the cavity of the tunica 
vaginalis and then to rotate like a “bell-clapper,” the 
“intravaginal” type of torsion, as the gubernaculum is 
fixed to the scrotal wall, preventing the rotation of the 
tunica vaginalis.°’ In neonates, the gubernaculum is not 
attached to the scrotal wall and the entire testes, epi- 
didymis, and the tunica vaginalis twist in a vertical axis 
on the spermatic cord, which is termed “extravaginal” 
torsion. Neonatal torsion is rare, occurring in the 
prenatal period and being associated with an inguinal 
hernia.” Factors other than an anatomical anomaly 
may predispose to spermatic cord torsion since the 
incidence of torsion (0.025%) is far less than the inci- 
dence of “bell-clapper” deformities.’° 

Two factors are of importance in spermatic cord 
torsion: The extent of the spermatic cord twist (90° to 
three complete twists) and the duration of the torsion. 
The initial disruption will be to the venous and lym- 
phatic drainage, rather than to the arterial input of the 
testes, and venous infarction occurs earlier.”! Scrotal 
edema is an early feature as the lower pressure cremas- 
teric venous plexus is the first vascular channel to be 
affected. Areas of testicular infarction begin to appear 
within two hours of complete occlusion of the testicular 
artery, irreversible ischemia occurs after six hours, and 
complete infarction is established by 24 hours.”? Intra- 


V1 =0.150m/s 
V2 = 0,029m/s 
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vaginal torsion most commonly occurs between age 12 
and 18, with a reported incidence of one in 4000 males 
younger than age 25.” Torsion commonly arises as 
puberty approaches, when testicular volume may in- 
crease by a factor of five, thereby increasing the pro- 
pensity of the testis to fall forward and rotate. 

Clinically, intravaginal torsion presents with pain of 
sudden or insidious onset and is followed by swelling of 
the ipsilateral scrotum. The main clinical dilemma re- 
mains the distinction between spermatic cord torsion 
and acute epididymo-orchitis. Establishing the diagno- 
sis is important since in acute epididymo-orchitis, res- 
olution with minimal intervention is the rule unless 
complications, such as an abscess, supervene. By con- 
trast, surgery is mandatory for torsion. The diagnostic 
dilemma is compounded by the occasional similarity in 
clinical presentation: Fever and pyuria may occur in 
both conditions.” 

In spermatic cord torsion, ultrasound appearances 
are variable depending on the time elapsed from the 
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Fig. 11.34 a A transverse image through the spermatic cord, 
demonstrating the testicular vein (long arrow) and the three 
arteries (short arrows) that are present in the spermatic cord: 
The testicular artery, the cremasteric artery, and the artery to the 
ductus deferens. b Spectral Doppler analysis of one of the 
arteries in the spermatic cord demonstrates a low resistance 
pattern (RI = 0.66), implying that this is the testicular artery. 
c Spectral Doppler analysis of one of the arteries in the sper- 
matic cord demonstrates a high resistance pattern (RI = 0.81), 
implying that this is either the cremasteric artery or the artery 
to the ductus deferens 


onset of symptoms. With the development of conges- 
tion and infarction, the testes appear abnormally en- 
larged with decreased reflectivity (Fig.11.35).’° The 
tunica albuginea and the mediastinum testis appear of 
relative high reflectivity, and a small amount of fluid 
may pool in the lower pole of the sac of the tunica 
vaginalis. Later, as infarction is established, hemorrhage 
may cause increased reflectivity and heterogeneity; this 
is particularly true in missed torsion and “chronic” 
torsions (symptoms present for > 10 days). Enlarged, 
thrombosed pampiniform plexus veins, within the 
spermatic cord, may be visible and there may be an 
abrupt change in caliber of the spermatic cord below 
the point of torsion. This results in an enlarged, twisted 
spermatic cord superior and posterior to the epididy- 
mal head, containing round anechoic structures repre- 
senting veins.”° This may resemble the whirlpool pat- 
tern encountered with magnetic resonance (MR) imag- 
ing (Fig. 11.36). Skin thickening of the scrotum may be 
present as a manifestation of venous congestion. 
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Fig. 11.35 In acute testicular torsion, the testis is enlarged and 
heterogeneous with a surrounding hydrocele. No color Doppler 
flow is identified within the testis, but there is color Doppler 
signal within the paratesticular tissues (arrows) 


Fig. 11.36 The appearance of a “whirlpool” above the testis 
(arrow), and separate from the epididymis, which represents 
the torsed spermatic cord 


The basis for the ultrasound diagnosis of spermatic 
cord torsion is the absence or decreased flow in the 
symptomatic testis compared to the asymptomatic tes- 
tis. Color Doppler ultrasound allows visualization of 
intratesticular blood flow; in torsion blood flow is ei- 
ther reduced or absent, whereas it may be increased in 
epididymo-orchitis.’”’8 Therefore, color Doppler ultra- 
sound is most useful in rapidly differentiating acute 
spermatic cord torsion from  epididymo-orchitis. 
Although color Doppler ultrasound is of value in the 
adult testes, it is less sensitive for the detection of blood 
flow in children, since symmetry of blood flow is less 
well-established and is dependent on testicular size.* A 
further limitation with color Doppler ultrasound is the 
entity of epididymo-orchitis complicated by testicular 


infarction.’9 In these cases, a reversal of diastolic flow in 
the testicular artery is thought to be characteristic of 
venous thrombosis and, when combined with the gray- 
scale and color Doppler ultrasound appearances of the 
inflamed epididymis, should allow a correct diagnosis 
to be reached.®°*! Currently, there is no single clinical 
feature or imaging examination that can reliably dis- 
tinguish torsion from other causes of testicular pain.*? 


e Spermatic cord torsion occurs commonly between 
age 12 and 18 years 

e A “bell-clapper” deformity predisposes to torsion 

e Testicular ischemia depends on the extent and 


duration of the torsion 

e Diagnosing torsion is a clinical skill 

e Ultrasound is able to differentiate acute epididymitis 
as a cause of pain 


Spontaneous Detorsion 


A pitfall of the use of color Doppler ultrasound in the 
assessment of the acute scrotum and in the desire to 
exclude the presence of spermatic cord torsion, is the 
entity of a spontaneous detorsion. The susceptible testis 
undergoes torsion and then spontaneously untwists, 
resulting in hyperemia of the previously ischemic testis. 
On ultrasound, the B-mode appearances may be unre- 
markable, but an increase in color Doppler flow may 
resemble acute epididymo-orchitis, resulting in a mis- 
interpretation and possible severe consequences for the 
patient. 


Torsion of an Appendage 


Torsion of the testicular (or epididymal) appendage is 
considered to be more common than spermatic cord 
torsion and an important differential diagnosis among 
boys under age 13 who present acutely with a painful 
scrotum. Although most frequently presenting in pa- 
tients of between age seven and 13, torsion of a testic- 
ular appendage can occur at any age. The onset may be 
associated with trauma or exercise, with pain, erythe- 
ma, tenderness, and scrotal swelling common present- 
ing symptoms.” In light-skinned individuals the pal- 
pable, infracted, tender appendage may be visible at the 
upper pole of the testis; this “blue-dot” sign is reported 
to occur in up to 21% of patients presenting with torsion 
of an appendage.®? 

With torsion of a testicular appendage, the testis 
itself usually appears normal on ultrasound with a nor- 
mal, low-resistance arterial supply. There is often an 
associated localized upper-pole hydrocele and an in- 
flammatory reaction in the epididymis, which is often 


enlarged. The torsed appendage may have a variable 
appearance, most commonly of increased homogenous 
reflectivity, although up to 30% are reported as being of 
low reflectivity surrounded by an area of increased 
perfusion (Fig. 11.37).”’ Color Doppler studies may dem- 
onstrate an avascular mass separate from the testis and 
epididymis and an inflammatory reaction, with in- 
creased blood flow in adjacent structures. With time 
the appendix becomes increasingly of higher reflectiv- 
ity, indicating the onset of calcification, eventually com- 
pletely detaching itself. The loose calcified body may be 
termed a “scrotal pearl,” although the origins of these 
scrotal pearls are uncertain as they may also arise from 
detached calcified areas of tunica albuginea. These are 
usually solitary, round, and measure up to 1cm in 
diameter, producing acoustic shadowing. Scrotal calculi 
may occasionally be palpable but are often found in 
association with a secondary hydrocele (Fig. 11.38).°? 


Summary points: 
e Torsion of an appendage is more common in the 
7-13-year-old age group 


e Testis is normal on ultrasound 

e Highly reflective appendage with a surrounding 
hydrocele 

e Surgical exploration is not indicated 


| Epididymis 


Varicocele 


A varicocele is present in up to 15% of adult male 
patients. This abnormal dilatation of veins arises 
more often on the left as a consequence of the angle 
at which the left testicular vein enters the left renal 
vein. The normal veins of the pampiniform plexus 
measure 0.5-1.5 mm and a vein diameter of > 2mm 
should be considered abnormal.®° On ultrasound, a 
varicocele consists of multiple, low-reflective serpigi- 
nous tubular structures of varying size, best seen supe- 
rior and lateral to the testis. If large the varicocele may 
extend to the inferior aspect of the testis (Fig. 11.39). 
Tumbling low-level echoes may be identified on real- 
time imaging, secondary to low flow. Ultrasound in the 
supine and erect positions as well as following the 
Valsalva maneuver will help identify the varicocele 
and document retrograde filling. Examination of the 
left kidney is advocated in the presence of a varicocele 
that has recently arisen in patients over age 40 to ex- 
clude a renal tumor, without much supporting evidence 
as to the prevalence of this association. Occasionally an 
intratesticular varicocele may occur (Fig. 11.40).°° Iden- 
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Fig. 11.37 A hydrocele surrounds the upper aspect of the 
testis, with a prominent appendix testis (arrow). Appearances 
are those of torsion of an appendix in a patient with the 
appropriate symptoms of sudden onset of testicular pain 


Fig. 11.38 The highly reflective area (arrow) lying free within 
the scrotal sac represents a “scrotal pearl” 


tification of a varicocele in patients being investigated 
for infertility may be of relevance, although testicular 
volume, ultrasound appearances, and Doppler studies 
may also be of importance.®” 


Vasectomy 


Following vasectomy, the epididymis has a character- 
istic appearance of dilatation, with an inhomogeneous 
appearance on ultrasound described as ectasia of the 
epididymis, appearances which are unrelated to symp- 
toms (Fig. 11.41).8° 


Epididymal Calcification 


Calcification within the epididymis is frequent and usu- 
ally represents benign disease.®° The tunica vaginalis 
may occasionally calcify, producing a plaque with 
acoustic shadowing (Fig. 11.42). Calcification in or adja- 
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a 
Fig. 11.39 a Serpiginous dilated (> 2 mm) veins at the lower 
aspect of the testis, with “tumbling echoes” present (arrows). 
A testicular varicocele 
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b The varicocele fills with color Doppler following the valsalva 
maneuver 


Fig. 11.40 a Serpiginous dilated (> 2 mm) veins present within 
the testicular parenchyma (arrows). An intratesticular varico- 
cele. b The varicocele fills with color Doppler following the 
valsalva maneuver 


Fig. 11.41 The epididymis is dilated (arrows, >4mm) in a 
patient who has undergone a vasectomy, with a characteristic 
reflective pattern 


cent to the epididymis is a common finding and is 
usually due to chronic epididymitis. Hematoma and 
sperm granulomas (sperm extravasation with granu- 
loma formation) may occur and produce a solitary 


Fig. 11.42 A focus of high reflectivity adjacent to the outer 
border of the testis casting an acoustic shadow (arrow): Calci- 
fication within the tunica vaginalis 


high-reflective area within the epididymis. The appen- 
dix epididymis and appendix testis may calcify and are 
recognized by their characteristic position and shape. 


Fig. 11.43 a The epididymis is enlarged, of mixed reflectivity 
(arrows) with an accompanying hydrocele and changes in 
reflectivity of the adjacent testis. Acute epididymo-orchitis. 


Inflammatory Disease 


Epididymo- orchitis and Epididymitis 
Epididymo-orchitis and epididymitis predominantly af- 
fect the sexually active male of less than age 40, the 
older patient with urological disease, and the prepu- 
bertal boy with an associated urogenital anomaly.”° The 
main causative organisms in sexual transmitted dis- 
eases are Chlamydia trachomatis and Neisseria gonor- 
rhea, whereas in prepubertal boys and in men over age 
40, the organisms responsible are E. coli and Proteus 
mirabilis. Epididymitis causes acute scrotal pain of vary- 
ing intensity, pyuria with fever, and at clinical exami- 
nation the epididymis may be palpated as a thickened, 
tender structure separate from the testis. 

On ultrasound, the epididymis may be involved in 
focal areas (often the lower is affected first) or in a 
global pattern, with enlargement, decreased reflectiv- 
ity, and increased color Doppler flow (Fig. 11.43).789! 
The presence of increased color Doppler to the inflamed 
epididymis is the hallmark for hyperemia and usefully 
aids the diagnosis of epididymitis and epididymo-or- 
chitis. On spectral Doppler ultrasound, there is a high- 
flow, low-resistance pattern.°” Reversal of flow during 
diastole may herald venous infarction.®! There is often a 
reactive hydrocele, with septations if a pyocele devel- 
ops, and scrotal wall thickening. The infection often 
spreads to the adjacent testis (epididymo-orchitis), 
seen as patchy areas of low reflectivity and increased 
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b There is marked increase in vascularity to the affected areas 
as demonstrated by color Doppler ultrasound; acute inflam- 
matory changes of epididymo- orchitis 


color Doppler signal, an appearance that may persist for 
several months following treatment.” 

Complications that may arise following acute epidi- 
dymitis include testicular infarction following obstruc- 
tion of the venous drainage (Fig.11.44),’? abscess for- 
mation (low-reflective area surrounded by increased 
color Doppler signal) (Fig.11.45), pyocele, testicular 
atrophy, and chronic pain. 


Summary points: 
e Epididymo-orchitis presents with acute onset of pain 
e Focal or diffuse enlargement of the epididymis 


e Increased color Doppler flow to the affected areas 
e Associated orchitis is a common occurrence 
e Abscess is a complication 


Chronic Epididymitis 

Chronic epididymitis results in persistent pain and on 
ultrasound an enlarged epididymis with increased re- 
flectivity is seen with areas of calcification present. 
Tuberculous epididymitis may present in a similar fash- 
ion to bacterial epididymitis but will not respond to 
standard antibiotic treatment.** Ultrasound features 
are not specific, although chronic disease with calcifi- 
cation and indolent abscess formation discharging onto 
the skin may be present (Fig. 11.46).°°°° 
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Fig. 11.44 a The epididymis is markedly dilated (long arrows) 
with a predominantly low-reflective appearance in a patient 
with severe epididymitis. Mixed reflectivity is present in the 
posterior aspect of the testis (arrowheads). b Color Doppler 


ultrasound demonstrates absence of flow signal in the epidi- 
dymis and no color Doppler signal in the mixed-reflective 
region of the testis: Testicular venous infarction following 
severe acute epididymitis 


Fig. 11.46 A low-reflective abnormality present at the lower 
aspect of the testis, contained within an enlarged epididymis, 
with a sinus tract (arrows) discharging pus onto the skin sur- 
face of the scrotal sac. An epididymal abscess secondary to 
chronic tuberculous epididymitis 


Fig. 11.45 a There is a focal area of low reflectivity (arrow), 
containing debris, in the tail of the epididymis in a patient with 
acute epididymitis not responding to antibacterial therapy. 
b Color Doppler demonstrates increased color signal from 
around the low-reflective area, and absence of color Doppler 
signal within the lesion: An epididymal abscess 


E Extratesticular Focal Lesions 


Extratesticular solid tumors are rare; the majority of 
extratesticular lesions are cystic abnormalities of the 
epididymis. Primary solid tumors of the extratesticular 
tissues are normally benign, although malignant lesions 
are seen. The reported prevalence of extratesticular 
solid tumors varies between 3% and 16% of all patients 
referred for scrotal ultrasound.?”°8 Metastases may also 
occur in the extratesticular space. 


Epididymal Cysts and Spermatoceles 


Extratesticular cysts are commonly found in the sper- 
matic cord, epididymis (Fig.11.47), tunica albuginea 
(Fig.11.48), or tunica vaginalis. Epididymal cysts are 
most commonly found in the epididymal head, contain 
clear serous fluid, and on ultrasound demonstrate typ- 
ical features of a cyst with posterior enhancement. A 
spermatocele consists of cystic dilatation of tubules of 
efferent ductules and occurs in the epididymal head 
(Fig. 11.49), often containing low-reflective debris rep- 
resenting spermatozoa.°? 


Sperm Granuloma 


A sperm granuloma occurs secondary to inflammation, 
trauma, and vasectomy, thought to be a granulomatous 
reaction to extravasated sperm cells. On ultrasound a 
sperm granuloma is well-demarcated, of low reflectiv- 
ity, and found in the epididymis, and often painful in 
the early stages.'0° 


Benign Neoplasms (Table 11.2) 


Lipoma 

This is the most common benign tumor of the extra- 
testicular space with a prevalence of 45%, commonly 
found in the spermatic cord.!°! Patients of all ages are 
affected, with the tumor manifesting as a nontender 
scrotal lump. At ultrasound a lipoma has a homoge- 
nous, high-reflective appearance, and varies in size. 
MR imaging will confirm the fat content of the lesion, 
prior to excision if necessary. 


Adenomatoid Tumor 

This is the most common tumor of the epididymis, 
accounting for 30% of all tumors of the extratesticular 
space. It is probably of a mesothelial origin. Adenoma- 
toid tumors usually occur in the patient age 20 or older. 
They present as a painless mass, are slow growing, and 
arise in the tail of the epididymis (four times as com- 
mon as the head) and are predominantly left-sided. The 
ultrasound appearance is nonspecific; the majority are 
isoreflective to the epididymis, well-defined, oval in 
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Fig. 11.47 A bilobulated epididymal head cyst (arrow) 


Fig. 11.48 A small tunica albuginea cyst (arrow) 


Fig. 11.49 A cyst in the epididymal head demonstrates debris 
(arrow) that is “layering” and produces posterior acoustic en- 
hancement: A spermatocele 
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Fig. 11.50 aA focal, low- reflective mass (arrow) present in the 
tail of the epididymis. b On color Doppler ultrasound there is 
color signal to the central aspect of the mass (arrows), indicat- 
ing the vascular solid nature of the lesion: An adenomatoid 
tumor of the epididymis 


shape, and may be cystic (Fig.11.50).'°? Resection is 
normally curable, but will interfere with sperm ejacu- 
lation on the side of the resection. 


Leiomyoma 

This is the second commonest tumor of the epididymis, 
with a prevalence of 6%, commonly manifest in the fifth 
decade, frequently involving the epididymal head, and 
is often associated with a hydrocele. The patient 
presents with a slow-growing nontender mass. On ul- 
trasound there are no specific features. A leiomyoma 
may be cystic or solid, and contain areas of calcifica- 
tion.!° 


Table 11.2 Extratesticular neoplasms'°® 


Benign 

Adenomatoid tumor 
Leiomyoma 

Lipoma 

Hemangioma 
Cystadenoma 

Fibrous pseudotumour 
Sclerosing lipogranuloma 


Malignant 

Rhabdomyosarcoma 

Liposarcoma 

Leiomyosarcoma 

Malignant schwannoma 

Malignant fibrous histiocytoma 
Pleomorphic hyalinizing angiectatic tumor 


Metastases (in order of frequency) 
Prostate 

Kidney 

Stomach 

Colon 

Ileum (carcinoid tumor) 

Pancreas 


Fig. 11.51 A fibrous pseudotumor of the epididymis 


Other rare benign tumors of the extratesticular 
space include hemangiomas, which may be indistin- 
guishable from a varicocele, a cystadenoma associated 
with von Hippel-Lindau disease, appearing as a solid 
lesion with small cystic spaces in the head of the epi- 
didymis.‘ A fibrous pseudotumour (Fig.11.51) may 
result from a prior history of trauma, hematocele, or 
from epididymo-orchitis.!° 


Malignant Neoplasms 


Malignant lesions of the extratesticular space are rare, 
usually present as a mildly painful enlarging mass, and 
the vast majority are sarcomas.!°° 


Rhabdomyosarcoma 

This is the most common sarcoma of the spermatic cord 
(40% of extratesticular malignant lesions), peaking at 
age five and 16. The most common presentation is of an 
enlarging painless mass, but as an aggressive tumor 
may present with metastases. On ultrasound features 
are nonspecific; there is variable reflectivity with areas 
of necrosis and hemorrhage, and increased color Dopp- 
ler flow of low resistance.'°” 


Liposarcoma 

This is very rare and usually arises from the spermatic 
cord, is of low-grade malignancy, spreading by local 
spread with patients presenting with a slow-growing 
fluctuant mass. Ultrasound demonstrates a high-reflec- 
tive mass of varying size. 


Other rare malignant lesions of the extratesticular 
space include leiomyosarcoma, which is seen as a pre- 
dominantly low-reflective mass,!°° malignant schwan- 
noma, and malignant fibrous histiocytoma. A mesothe- 
lioma may develop from the tunica vaginalis in patients 
exposed to asbestos.!°9 Lastly, metastases to the extra- 
testicular space occur from a testicular primary tumor, 
renal, prostate, and gastrointestinal tumors. 


E Scrotal Wall Abnormalities 


Scrotal wall edema may occur in many conditions, in- 
cluding heart failure, liver failure, lymphatic obstruc- 
tion, and venous obstruction. Lymph edema of the 
scrotal wall is classically described in filiarial worm 
infestations (Fig. 11.52).!!° Cellulite and Fournier gan- 
grene are inflammatory causes of scrotal wall edema, 
where gas may be identified in the scrotal wall on 
ultrasound." 


Summary points: 
Extra-testicular lesions are nearly all benign abnor- 
malities 
The majority are epididymal head cysts 


Lipomas occur commonly 

Adenomatoid lesions are the commonest in the 
epididymis 

Rhabdomyosarcoma occurs between age five and 
16yrs 
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Fig. 11.52 Gross edema of the scrotal sac surrounding the 
testes (arrows) 
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12 Diseases of the Penis with Functional Evaluation 


C. J. Wilkins, P. S. Sidhu 


= Introduction 


The penis is well-suited for high-resolution ultrasound 
assessment; it is a superficial soft-tissue organ with no 
acoustic obstructions in the form of bone or gas. The 
role of ultrasound in the investigation of penile pathol- 
ogy, especially impotence, is well-established.’ Condi- 
tions such as priapism, Peyronie disease, penile mass 
lesions, and the penile urethra may be usefully assessed 
by ultrasound. High-resolution gray-scale imaging, at 
frequencies from 7-13 MHz, alone or in combination 
with color and spectral Doppler, forms the basis of 
ultrasound evaluation. The addition of a pharmacolog- 
ical stimulant to produce an erection is established 
practice for evaluation of vascular causes of erectile 
dysfunction. This chapter will illustrate the techniques, 
normal and abnormal findings, and some of the pitfalls 
of penile ultrasonography with specific emphasis on 
the investigation of erectile dysfunction. 


ma Normal Anatomy and Ultrasound 
Appearances 


The penis is comprised of three cylindrical structures of 
erectile tissue: two dorsal corpora cavernosa and a 
ventral corpus spongiosum containing the penile ure- 
thra. The spongiosum is smaller proximally but ex- 
pands distally to form the glans penis. The cavernosa 
are markedly distensible and are filled with sinusoidal 
tissue, which is essential to the erectile process. A 
tough, nondistensible fibrous capsule, the tunica albu- 
ginea, invests the corpora cavernosa with a much thin- 
ner layer covering the corpus spongiosum. The normal 
arterial supply to the penis is via the internal pudendal 
artery (a branch of the anterior division of the internal 
iliac artery), which divides into terminal branches: The 
dorsal penile artery (supplying the glans penis), the 
cavernosal artery (supplying the corpora cavernosa), 
and the bulbar artery (supplying the bulb and the cor- 
pus spongiosum). The cavernosal arteries give the main 
contribution to erectile function but anatomical varia- 
tions are not uncommon. Emissary veins pierce the 
tunica albuginea and drain into the deep dorsal vein 
via the spongiosal, circumflex, and cavernosal veins 
(Fig. 12.1).? 


Deep dorsal 
penile vein 


Helicine arteries 


Corpora 
cavernosa 


Corpus 
spongiosum 


Urethral artery Urethra 


Fig. 12.1 Diagram of the anat- 
omy of the penis 


Dorsal penile artery 


Circumflex veins 


Cavernosal artery 


Tunica albuginea 
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Fig. 12.2 Transverse dorsal image of the flaccid penis, dem- 
onstrating the paired corpora cavernosa (long arrows) and the 


higher reflectivity corpus spongiosum (short arrow) 


Ultrasound identifies the paired corpora cavernosa, 
the cavernosal arteries, the tunica albuginea, and the 
corpus spongiosum. The corpora cavernosa are of uni- 
form low reflectivity and the tunica can be seen as a 
thin high-reflective envelope (< 2 mm thick) surround- 
ing the corpora. The corpus spongiosum is of slightly 
higher reflectivity. The reflective walls of the cavernosal 
arteries are usually clearly identified at the base of the 
penis and can often be identified as two parallel, high- 
reflective lines (Fig.12.2).? The normal urethra is not 


identified. 


Summary points: 


e Ventral, high-reflective corpus spongiosum expands 


to form glans penis 

Dorsal paired low-reflective corpora cavernosa 

- Enveloped by the thin, highly reflective tunica 
albuginea 

- Distensible sinusoidal tissue essential for erectile 
function 

Internal pudendal artery divides into 

- Dorsal penile artery 

- Bulbar artery 

- Cavernosal arteries 


Venous drainage via the superficial and deep dorsal 


veins 


- Emissary veins pierce the tunica albuginea, drain- 


ing into dorsal veins via cavernosal, spongiosal, 
and circumflex veins 


- The emissary vein/tunica region is the site of the 


veno- occlusive mechanism 


=n Erectile Dysfunction 


Erectile dysfunction is a common problem, affecting 
20-30 million men in the United States.4 The cause of 
impotence is multifactorial, but exclusion of an arterial 
and/or a venous cause is frequently required. Color and 
spectral Doppler ultrasound is the ideal, minimally-in- 
vasive technique for delineation of vascular abnormal- 
ities. A trial of sildenafil is often the first diagnostic test 
in patients likely to have an arteriogenic component to 
their erectile dysfunction; only nonresponders undergo 
further evaluation with color and spectral Doppler ul- 
trasound. A reduction in requirements for Doppler ul- 
trasound assessment of erectile dysfunction has re- 
sulted as sildenafil also serves as a therapeutic option 
for responders. There remains, however, a specific sub- 
set of usually younger patients in whom venogenic 
impotence is more likely. These patients form the bulk 
of current practice with a specific protocol designed to 
exclude a “false” venous leak in order to avoid the use of 
cavernosography in the majority of these patients. 

Following formal clinical evaluation in an erectile 
dysfunction (ED) clinic, Doppler ultrasound assessment 
is conducted in a private setting. An attending urologist 
with a special interest in ED is ideally present. In gen- 
eral, the urologist undertakes intracavernosal injec- 
tions, assesses the grade of erection, and counsels the 
patient regarding the risk of priapism. Several combi- 
nations of agents have been used for pharmacological 
induction of erection, either alone or in combination.>° 
Current practice is to use prostaglandin E1 (PGE1) with 
or without the addition of intracavernosal phentol- 
amine. 


| Baseline Imaging 


A high-frequency linear “small parts” probe with a 
small footprint should be used. The penis is held in 
the anatomical position by the patient and baseline B- 
mode ultrasound imaging is performed in longitudinal 
and transverse planes. High-resolution gray-scale 
imaging should always be performed prior to assess- 
ment of vascular status. Important abnormalities in- 
clude fibrotic plaque disease, focal cavernosal fibrosis 
or calcification, and tunica disruption. Baseline imaging 
allows optimum identification of injection sites and 
location of the cavernosal arteries; anatomical variants 
are common. Additionally, if baseline imaging is omit- 
ted, a spurious diagnosis of calcification/fibrosis of the 
corpora may be raised following inadvertent intra- 
cavernosal injection of air bubbles. 


E Stimulated Color Doppler Ultrasound 


Current practice is to use PGE1 at a dose of 20 ug.’ In the 
setting of maximal stimulation following this dose of 
PGE1 there is a risk of priapism with a reported inci- 
dence as high as 11%. On ultrasound, absence of cav- 
ernosal artery flow or a resistive index (RI) > 1.00 (ab- 
sent diastolic flow) is thought to be highly specific in 
predicting priapism; if seen during the poststimulation 
ultrasound examination, either immediate treatment or 
“in-hospital” observation is recommended.’ However, 
experience suggests that absence of diastolic flow is a 
frequent occurrence in the “normal” responder, and is 
not a sinister finding leading to priapism. The alterna- 
tive is to use a two-step method of sequential doses of 
PGE1 10 ug if the response to the first dose is subopti- 
mal, but the examination is significantly shortened 
with the single-dose method. An expectant “wait and 
see” approach with patients given direct access to on- 
site urological opinion if their erection persists for more 
than four hours is a suggested policy. 


E Ultrasound Imaging Protocol 


The right or left cavernosal artery may be interrogated 
with ultrasound; the normal diameter ranges from 0.2 
to 1.0 mm and a variable increase in dimension is seen 
following pharmacological stimulation. However, the 
increase in the baseline diameter following pharmaco- 
logical stimulation does not correlate with either the 
measured peak systolic velocity (PSV) or clinical grad- 
ing of erection and it is not routine to measure arterial 
diameters.'° It is normal practice to document a base- 
line angle-corrected PSV of the cavernosal artery se- 
lected for interrogation and to sample the same area 
on subsequent measurements. It has been suggested 
that spectral Doppler ultrasound analysis of the caver- 
nosal artery in the flaccid penis provides a completely 
noninvasive method for assessment of arterial impo- 
tence.!*!? However, the normal velocity criteria have 
not been established and no data regarding venous 
abnormalities can be obtained without pharmacosti- 
mulation.!? 

A customary response to pharmacostimulation al- 
lows color Doppler ultrasound depiction of the caver- 
nosal arteries and the helicine branches (Fig. 12.3). De- 
creasing reflectivity of the corpora cavernosa from the 
periarterial region outward is seen as sinusoidal dilata- 
tion progresses (Fig.12.4). Power, color, and spectral 
Doppler ultrasound all yield useful information regard- 
ing vascular anomalies and normal variants. Abnormal 
venous flow may also be directly visualized but cannot 
be measured objectively. 


Erectile Dysfunction 


Fig. 12.3 Following pharmacostimulation, a longitudinal im- 
age through the corpora cavernosum demonstrates the cav- 
ernosal artery and helicine branches 


Fig. 12.4 Transverse ventral image of the poststimulation 
penis, demonstrating the paired corpora cavernosa filling with 
pockets of low-reflective blood as the penis becomes en- 
gorged 


(=| Assessment of Arterial Impotence 


Following the pharmacological induction of an erection, 
dynamic assessment of the spectral Doppler waveform 
is performed. Color mapping of the vessels allows ac- 
curate spectral assessment by enabling consistent Dop- 
pler gate placement and angle correction.!? Variations 
in the vascular supply are common®" and include du- 
plication of the cavernosal artery and cross communi- 
cations between left and right cavernosal arteries 
(Fig. 12.5). If there is definite asymmetry, this should 
be documented and both arteries sampled during the 
course of the assessment. Additionally, color Doppler 
ultrasound allows visual recognition of high-velocity 
“jets” and damped pulsatility secondary to a proximal 
arterial stenosis, allowing specific interrogation with 
accurate spectral gate placement. 
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Fig. 12.5 Transverse ventral image of the poststimulation 
penis, demonstrating the paired corpora cavernosa with two 
arteries present on the right 


The cavernosal artery should be sampled at the base 
of the penis (Fig.12.6). At this site, more consistent 
velocity readings are obtained, it is possible to achieve 
the optimal angle of insonation and the effect of distal 
arterial variants is reduced.” The PSV and end diastolic 
velocity (EDV) are assessed every five minutes after the 
administration of PGE1'° and the clinical response 
documented every 15 minutes according to an accepted 
grading system.!® Self-stimulation has been advocated 
as an adjunct to pharmacological stimulation in order to 
obtain a maximal response.” 

Following pharmacostimulation there is a variable 
temporal response. A characteristic sequence of 
changes in the spectral Doppler waveform, with in- 
creasing penile rigidity, has been described. There is 
increased systolic and diastolic flow early in tumes- 
cence. Diastolic flow then decreases and there is even- 
tually minimal or reversed diastolic flow as veno-oc- 
clusion and maximal rigidity occur.'* Forward systolic 
flow often decreases at full rigidity prior to the detu- 
mescent phase when diastolic flow returns. Assessment 
over 30 minutes is occasionally required to ensure that 
the maximal effect has been attained, although 20 mi- 
nutes is normally sufficient.'"? The accepted “normal” 
lower limits for the PSV range from 25 to 35 cm/s. A PSV 
of 35 cm/s or greater indicates definite arterial suffi- 
ciency following adequate pharmacological stimulation 
(Fig. 12.7), whereas a PSV <25 cm/s is diagnostic of 
arterial insufficiency as the cause of ED (Fig.12.8). In- 
termediate values are not specific and in this group 
sildenafil is often used as some will have mild to mod- 
erate arterial insufficiency and may benefit.”° 
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Fig. 12.6 Baseline prestimulation assessment of the right 
cavernosal artery, demonstrating the expected spectral 
Doppler waveform of the artery with a PSV measured at 
11.4 cm/s. The baseline artery may be difficult to locate and 
often does not return a Doppler signal sufficient to obtain a 
spectral Doppler waveform 


Fig. 12.7 Normal 


response demonstrated on spectral 
Doppler ultrasound 15 minutes after administration of 
10 ug of PGE1. The PSV is 128 cm/s and the EDV is -32 cm/ 
s, accompanied by full tumescence. The patient has an intact 
arteriovenous mechanism and another cause for ED should be 
sought 


Assessment of Venogenic Impotence 


There is continuing debate about the utility of color 
Doppler ultrasound in the diagnosis of venogenic im- 
potence.”!?? Cavernosography with cavernosometry 
remains the diagnostic reference standard, as this tech- 
nique measures outflow resistance without the need for 
adequate arterial inflow.” The advantage of ultrasound 
lies in the minimally-invasive nature of the procedure 
and the ability to screen patients to identify a normal 
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Fig. 12.8 Arterial insufficiency demonstrated on spectral 
Doppler ultrasound, 15 minutes after administration of 
20 ug of PGE1. The PSV is 17.1 cm/s and the EDV is 5.4 cm/s, 
accompanied by incomplete tumescence. In the presence of 
inadequate arterial input, a diagnosis of venous leak cannot be 
made 


Fig. 12.10 a Poststimulation longitudinal image through the 
right corpora cavernosum, demonstrating venous channels 
(arrows) separate from the right cavernosal artery. 


erectile response. Following a positive color Doppler 
ultrasound for a venous leak, cavernosography is gen- 
erally still required for anatomical delineation of the 
draining veins if surgical or endovascular therapy is 
being contemplated.7*7° 

Having established a normal arterial response with a 
PSV > 35 cm/s, an EDV of > 5 cm/s is usually accepted as 
the level above which a venous leak is present 
(Fig. 12.9).?"? In practice in young patients with good 
arterial input, reversal of EDV should normally be seen 
and it may be appropriate to lower the EDV threshold in 
this group. As well as forward diastolic flow in the 
cavernosal artery, continuous flow in the dorsal vein 
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Fig. 12.9 Venous leak demonstrated on spectral Doppler 
ultrasound, 15 minutes following the second injection of 
10 ug of PGE1. The PSV is 157 cm/s and the EDV is 27 cm/s, 
accompanied by incomplete tumescence. In the presence of 
adequate arterial input, there is a sustained high forward flow in 
diastole: features of failure of the mechanism of venous closure 


b Doppler interrogation of the right cavernosal artery confirms 
a waveform pattern of a venous leak (PSV of 101 cm/s and 
continuing high forward flow in diastole) 


or other abnormal draining veins may also be seen, but 
is not a requisite for the diagnosis (Fig. 12.10). 


False Positive Venous Leak 


In young patients, a suboptimal response to pharmaco- 
logical stimulation with PGE1 may occur and manifests 
as continued forward flow in diastole. This results from 
inadequate relaxation of sinusoidal smooth muscle and 
consequent failure of veno-occlusion due to high anxi- 
ety levels and increased sympathetic drive. Phentol- 
amine, an alpha-adrenergic antagonist, attenuates the 
effect of this increased sympathetic tone, resulting in 
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IST INJ 
10 MINS 


10 ug of PGE1, the PSV is 74.5 cm/s and the EDV is 1.8 cm/s, 
accompanied by incomplete tumescence. The EDV remained 
above baseline at 20 minutes, with incomplete tumescence. 


better sinusoidal relaxation.” When an apparent ve- 
nous leak is identified in such patients, we supplement 
the examination with administration of 2 mg of intra- 
cavernosal phentolamine. Following phentolamine, 
many of these patients exhibit statistically significant 
increases in the grade of erection and PSV, and a de- 
crease in EDV, often with abolition of the apparent 
venous leak diagnosed by conventional color and spec- 
tral Doppler ultrasound criteria (Fig. 12.11).?’ 

Administration of phentolamine following an initial 
dose of PGE1 is safe and has increased diagnostic sen- 
sitivity when compared with a repeat dose of PGE1 
alone.?8 The use of intracavernosal phentolamine 
would therefore seem necessary before a venous leak 
can be diagnosed by dynamic ultrasound assessment in 
the younger patient. Of greater importance, phentol- 
amine, as an oral preparation, may offer a therapeutic 
approach in this very specific group of patients.7°*° 
Venous leak not reversed by phentolamine is highly 
predictive of a structurally-based abnormality and cav- 
ernosometry with a view to surgical repair might then 
be recommended. 


0.757m/s 
-0.054m/s 


b Addition of 2 mg of phentolamine after continuing elevation 
of the EDV 25 minutes following the administration of 20 ug of 
PGE1. The PSV is 75.7 cm/s and the EDV is -5.4 cm/s, accom- 
panied by complete tumescence, excluding venous leak. There 
has been narrowing of the spectral Doppler trace in compar- 
ison to the previous image 


Summary points: 

Stimulated Color Doppler Ultrasound Technique 

e Patient explanation and consent for risk of priapism 
High-frequency small parts transducer (7-14 MHz) 
Baseline imaging for fibrosis, plaque, and arterial 
identification 
Arterial interrogation should be as proximal as pos- 
sible at the base of the penis with color flow to direct 
spectral Doppler gate placement 
If significant asymmetry is noted (> 10 cm/s be- 
tween sides), mapping of anatomical variants should 
be performed; this may also indicate unilateral ar- 
terial disease, e.g. following trauma 


Hemodynamic Parameters for Stimulated Color 
Doppler Ultrasound Technique 
Adequate arterial inflow if PSV > 35 cm/s 
Borderline arterial inflow if PSV < 35 cm/s but 
>25 cm/s 
Arterial insufficiency if PSV < 25 cm/s 
Given PSV > 35 cm/s venous leak is diagnosed if EDV 
< 0 cm/s 
Reversal of end diastolic flow is expected in younger 
patients with an adequate arterial inflow 
Phentolamine may be required in young patients to 
avoid spurious diagnosis of venous leak secondary to 
anxiety-induced adrenergic drive 


ia Vascular Pathology 
Priapism 


Priapism is divided into “high-flow” and “low-flow” 
states.*' In high-flow priapism, for example from a 
posttraumatic arteriovenous fistula (AVF), abnormally 
high arterial inflow cannot be fully compensated by 
increased venous outflow and leads to persistent tu- 
mescence but rarely full rigidity. B-mode ultrasound 
imaging usually reveals engorgement of the corpora 
with periarterial hypoechogenicity in association with 
an elevated cavernosal artery PSV and high forward 
diastolic flow at spectral Doppler ultrasound examina- 
tion (Fig. 12.12). The draining veins are often prominent 
and may exhibit arterialized waveforms. In long-stand- 
ing cases, penile edema may be a prominent feature 
(Fig. 12.13). Clinically there is usually painless tumes- 
cence with arterial oxygenated blood in the corpora 
cavernosa.”” Selective arterial embolization of the in- 
ternal pudendal or cavernosal artery is often the first 
line management of high-flow arterial priapism.??74 
The site of an AVF may be imaged directly and allow 
selective embolization of the ipsilateral cavernosal ar- 
tery alone. 

Low-flow priapism occurs following veno-occlusive 
problems, for example in sickle cell patients, with a full 
and often painful erection; there is deoxygenated blood 
on corporal aspiration.*°*° Ultrasound may be helpful 
in the acute stage in those patients who do not respond 
to simple measures such as evacuation of the corpora or 
alpha-adrenergic agonist injection (usually phenyl- 
ephrine). Findings are of low or absent diastolic flow 
with variable, but usually not high, arterial inflow con- 
sistent with a high-resistance vascular bed. Low-flow 
priapism requires prompt early treatment as there is 
relative hypoxia and in resistant cases a surgical shunt 
(corporospongiosal or corporovenous) may be required 
to prevent subsequent cavernosal fibrosis.?” 

In the long term, ultrasound is used to assess fibrosis 
and erectile dysfunction secondary to hypoxic damage 
from chronic priapism. In addition, the return of flow 
following recanalization of previously embolized ar- 
teries can be demonstrated and indicates a favorable 
outcome.?®79 
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Fig. 12.12 “High-flow” priapism with an elevated PSV in 
the right cavernosal artery of 20.1 cm/s with increased 
flow in the veins (arrow). The spectral Doppler waveform is 
of a low- resistance pattern, suggesting patency of the draining 
veins 


Fig. 12.13 “High-flow” priapism with marked edema of the 
skin (arrows) and dilated corpora cavernosa 
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Summary points: 

High-flow priapism 

e Oxygenated corporal blood on aspiration 

e Spectral Doppler waveforms show continuous in- 
creased systolic and diastolic flow with a low-resis- 
tance pattern 

e In the posttraumatic patient an AVF may be identi- 


fied and can guide therapy 

Low- flow priapism 

e Deoxygenated corporal blood on aspiration 

e Spectral Doppler waveforms show low or no diastolic 
flow with a high resistance pattern 

e Edema 

Differentiation is necessary as a low-flow priapism 

requires urgent treatment 


Mi Structural Pathology 
a Penile Fibrosis 
Peyronie Disease 


Peyronie disease is characterized by the formation of 
plaques in the tunica albuginea of the penis, resulting in 
pain and curvature of the erect penis. The occurrence is 
highest in the 40-60-year-old group, where the inci- 
dence is estimated at 0.4-1.0%. The cause of Peyronie 
disease is poorly understood. Factors associated with 
Peyronie disease include trauma, vascular, disease, dia- 
betes mellitus, and there is also a genetic component. 
The clinical diagnosis is based on the presence of pain, 
plaque formation, and angulation on erection. The 
plaques occur most often on the dorsal shaft of the 
penis and are readily palpated. 

On ultrasound the plaques of Peyronie disease may 
be of low or high reflectivity,*° and, if long-standing, 
often contain calcification (Fig.12.14).*’ These lie be- 


Fig. 12.14 Plaque of fibrosis (between cursors) with a calcified 
focus (arrow), causing an acoustic shadow typical of Peyronie 
disease, demonstrated on a longitudinal image of the corpora 
cavernosum 


tween the corpora cavernosa and may be difficult to 
demonstrate on ultrasound if not calcified, but are 
nearly always palpable. Focal or diffuse thickening of 
the tunica (which becomes more apparent following 
pharmacological stimulation) may be the only ultra- 
sound feature.*” Ultrasound imaging at the site of max- 
imal penile deviation, if present, or at the site of a 
palpable lesion, will invariably demonstrate an abnor- 
mality. In patients with Peyronie’s disease there is not 
only a higher incidence of venous impotence, secon- 
dary to distortion of the tunica albuginea, but also an 
increased incidence of arterial and mixed vascular ab- 
normalities.4? B-mode assessment of calcification al- 
lows patient selection for lithotripsy therapy, and color 
Doppler ultrasound examination is important prior to 
possible corrective surgery to ascertain the course of 
the cavernosal arteries in relation to plaques.“ 


m latrogenic Fibrosis 


In patients treated with intracavernosal stimulation 
therapy for ED, in particular with papaverine, areas of 
penile fibrosis may develop.“ This may be severe 
enough to require cessation of treatment, and ultra- 
sound examination can delineate areas of fibrosis al- 
lowing follow-up and guiding decisions on therapy.*° In 
some patients there may be intracorporal calcification 
without any associated plaque and this is thought to 
result from regions of focal fibrosis or possibly previous 
trauma (Fig. 12.15).? 


Summary points: 

e In Peyronie disease, plaques may or may not be 
calcified 
In the flaccid state plaques can be difficult to visu- 
alize, but may become apparent during tumescence; 
image at the site of maximal curvature 


Both arterial and venous diseases are more common 
in Peyronie disease—mixed cause is often present 
requiring careful assessment to guide therapy 
Plaques and/or fibrosis may occur following treat- 
ment with PGE1 and can necessitate cessation of 
treatment 


m Tunica Albuginea Defect 


Congenital or acquired tunica albuginea defects may be 
visualized. A focal weakness in the tunica may lead to 
herniation of the corpora cavernosa with attendant 
venous leak due to failure of compression of the emis- 
sary veins (Fig. 12.16). 


Penile Fracture 


Penile fracture usually presents acutely with a history 
of pain, swelling, and sudden loss of erection during 
intercourse.*® Ultrasound can be useful both in the 
acute and chronic phases. Acute hematoma, secondary 
to simple superficial vessel rupture, or more impor- 
tantly, a tunica albuginea defect (which usually requires 
immediate surgical management) can often be identi- 
fied (Fig.12.17). Ultrasound aids diagnosis in cases 
where the history or clinical findings are atypical. Doc- 
umentation of the site and extent of fracture is relevant 
since the results of early surgical repair are favor- 
able.*?°° Complications of penile fracture include cor- 
poral fibrosis with or without plaque formation, dis- 
ruption of the tunica albuginea, and rarely urethral 
disruption. Impotence due to impairment of the veno- 
occlusive mechanism may also occur. Ultrasound may 
be used both to guide initial management and for long- 
term follow-up of these patients.” 


Penile Masses 


Differentiation of a variety of penile masses on ultra- 
sound is possible; these include hematoma, cavernosal 
herniation, and Peyronie’s plaques. Penile hematoma is 
usually secondary to trauma to the erect penis and has a 
variable appearance depending the time of imaging and 
the stage of evolution. Acutely it may be of high reflec- 
tivity and, as resolution occurs, decreased reflectivity 
with or without cystic regions is often seen. Cavernosal 
herniation is usually easily diagnosed by visualization 
of the tunica defect, isoreflective corporal tissue seen in 
continuity, and, if large, color or power Doppler visual- 
ization of vascular continuity with the corpora proper. 

In addition, penile carcinoma and, rarely, metastatic 
tumor deposits may be visualized. Penile carcinoma is 
usually identified as a superficial, low-reflective mass 
involving the glans penis and, although ultrasound is 
not particularly useful in local staging, it may be helpful 
in defining the anatomical relationships of larger tu- 
mors and assessing invasion of the tunica albuginea and 
corpora.°” Penile carcinoma primarily involving the 
corpora cavernosa is rare but may be identified on 
ultrasound as an irregular mixed, low-reflective region 
within the corpora with areas of increased color flow 
(Fig. 12.18). Occasionally the penis may be the site of 
secondary deposits and, although secondary deposits 
are often better defined on ultrasound examination, the 
appearances are broadly similar to those of primary 
penile cancer involving the corpora.” A further un- 
usual “mass” which may be encountered is a penile 
prosthesis, easily identifiable by parallel high-reflective 
walls and symmetrical structure. 


Structural Pathology 
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Fig. 12.15 Longitudinal image of the glans penis, demonstrat- 
ing a reflective focus causing acoustic shadowing (arrow), 
which is likely to represent an area of focal fibrosis/calcification 


Fig. 12.16 Following PGE1 stimulation, a longitudinal image 
demonstrates a tunica albuginea defect, with associated her- 
niation of corpora cavernosa tissue, of unknown cause (arrow) 


Fig. 12.17 A longitudinal image of a penile fracture with the 
defect in the reflective tunica albuginea being clearly identifi- 
able. Hematoma formation has occurred (arrow) 
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Fig. 12.18 A mixed-reflective intracorporeal lesion (arrows), 
which is relatively poorly defined and demonstrates features 
of malignancy 


Other masses occurring in the penis include those 
found in the skin and subcutaneous tissues elsewhere, 
including cysts, lipomas, and neurofibromata, and are 
imaged in the same manner as those found at other 
sites. 


EE Urethral Ultrasound 


A combination of contrast urethrography and urethro- 
scopy is utilized for the investigation of urethral pa- 
thology, and the practice of urethral ultrasound is lim- 
ited to a few enthusiasts.** 

The normal urethra is only visualized on ultrasound 
when distended with fluid. This may be achieved by 
instilling lignocaine gel or normal saline in a retrograde 
direction via the urethral meatus in a manner analo- 
gous to conventional urethrography. Alternatively, an- 
tegrade passage of urine with constriction of outflow at 
the glans by means of a clamp or the patients hand 
during the ultrasound examination may be utilized. 
Imaging is performed in longitudinal and transverse 
planes. 

The normal urethra distends to approximately 6 mm 
with smooth, highly reflective walls. Strictures, intra- 
luminal masses, and calculi are well-visualized. The 
main disadvantage compared to contrast urethrogra- 
phy is that the posterior urethra cannot be imaged. The 
strengths of the technique are that the periurethral 
tissues are identified and the degree of fibrosis outside 
a stricture can be demonstrated; if this is prolific then 
simple urethrotomy is less likely to succeed and open 
repair may be considered. Similar information may also 
be gained from intraurethral ultrasound using scope- 
mounted scanners. Follow-up of strictures is possible 
without any ionizing radiation burden. This technique 
has also been successfully employed in hypospadias, a 


condition more difficult to image using conventional 
techniques.°° 
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13 Oncological Management of Tumors of the 


Urogenital Tract 
D. Dodds, V. Hughes 


The treatment of all tumors affecting the entire uro- 
genital tract is an extensive subject and cannot be cov- 
ered in a relatively short chapter such as this. 

We have therefore limited the discussion to the 
treatment of the four most common neoplasms, i.e., 
prostate, bladder, kidney, and testis. Increasingly, such 
neoplasms are treated in purpose-designed multidisci- 
plinary clinics where patients can benefit from the ex- 
pertise of specialist urological surgeons, as well as clin- 
ical and medical oncologists with a special interest in 
the treatment of genitourinary tumors. In addition, 
specialist urological nurses have an increasing role in 
patient management, providing information and sup- 
port to patients and their families at what can be a 
difficult and stressful time. Discussion of the patholog- 
ical features and radiological findings is an essential 
aspect of overall patient management and should 
ideally be undertaken in every patient diagnosed with 
a genitourinary neoplasm. 


EE Treatment of Bladder Cancer 


For the purpose of discussion, bladder cancer treatment 
is best divided into the treatment of superficial and 
muscle-invasive disease. Superficial disease includes 
those tumors which are noninvasive or invade only 
subepithelial tissue. In the United Kingdom, this disease 
is usually treated by urologists. Tumors invading into 
bladder-wall muscle and beyond are usually treated by 
oncologists (Fig. 13.1). 


Fig. 13.1 a Axial T1-weighted magnetic resonance imaging 
(MRI) scan showing an extensive bladder tumor (arrows) in- 
volving the posterior and right lateral wall of the bladder with 
clear evidence of extravesical extension into the perivesical 
tissues. b Gadolinium- enhanced image of the same area show- 
ing the extensive primary lesion (arrows) with an area of central 
tumor necrosis. In addition, however, there is better delinea- 
tion of the extravesical extension and marked contrast en- 
hancement of the right obturator internus muscle (thick ar- 
rows) indicative of tumor involvement 
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E Treatment of Superficial Disease 


There are a number of prognostic factors associated 
with superficial disease, including the total number of 
tumors, histological grade, tumor size, and recurrence 
at three-month cystoscopy.*? Low-grade papillary tu- 
mors can be treated by transurethral resection (TUR) 
alone or by thermocoagulation with a neodymium la- 
ser. Random biopsies of apparently healthy mucosa are 
also taken, as there can be a field change affecting the 
entire urothelium. 


Intravesical Therapy 


This therapy is given in order to either prevent recur- 
rence following endoscopic resection or as definitive 
local therapy for unresectable superficial disease. A 
number of agents are available, including adriamycin, 
epirubicin, and mitomycin C. There is little to choose 
between these drugs in terms of efficacy and toxicity. A 
meta-analysis of randomized trials using this treatment 
showed that the disease-free interval could be pro- 
longed with intravesical chemotherapy, but there was 
no impact on progression-free or overall survival.” Pa- 
tients with adverse prognostic factors are usually ad- 
vised to undergo a course of treatment although the 
most effective regimen is still undecided. Even a single 
installation given in the immediate postresection phase 
can be effective. A common regimen is to prescribe 
mitomycin C or epirubicin weekly for six weeks and 
then reassess. There is little or no systemic toxicity with 
such treatment, but 6-40% of patients will develop 
symptoms secondary to chemical cystitis. 


Prognosis 


Patients with papillary noninvasive lesions can expect a 
five-year survival of 90%. This falls to 75% for T1 lesions. 
Superficial tumors of high grade are a distinct patho- 
logical entity with progress to muscle invasion in 50% of 
cases.” 

Carcinoma in situ (CIS) also has an aggressive course 
and is treated in a similar way to high-grade superficial 
disease. Intravesical therapy is usually given first, with 
radical cystectomy reserved for chemotherapy failure. 
There is no effect on overall survival treating in this 
way.° A course of bacille Calmette-Guérin (BCG) ther- 
apy is given in these cases, often weekly for six weeks 
followed by reassessment. The mechanism of action of 
BCG is largely unknown but it is known to have immu- 
nomodulatory effects and also induces a major inflam- 
matory reaction within the bladder mucosa. The re- 
sponse rate to this treatment is 70%. However, only 
about 30% remain tumor-free at 10 years.” 
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E Treatment of Muscle- Invasive Disease 


Following staging investigations to exclude distant 
metastases, patients considered to have localized blad- 
der cancer can be offered either radical cystectomy or 
nonsurgical treatment with radiation or chemoradia- 
tion. Distant metastases are sought by means of chest x- 
ray (CXR), computed tomography (CT) of the abdomen 
and pelvis, magnetic resonance imaging (MRI) of the 
pelvis, and bone scanning if appropriate. 
Factors to be considered in guiding patients in their 
decision include the following: 
e The local extent of the tumor as indicated by cysto- 
scopy and bimanual examination 
e The local appearances on CT or MR imaging 
e The presence of pelvic lymphadenopathy 
e The general medical condition of the patient 
e The presence of poor prognostic factors, e. g., anemia 
or hydronephrosis 
e The wishes of the patient 
e The pathological features, e.g. adenocarcinoma re- 
sponds poorly to radiation 
e The presence of CIS in random bladder biopsies 


Radical cystectomy involves complete removal of blad- 

der, prostate, and seminal vesicles in the male. In fe- 

males, the corresponding operation involves removal of 

the bladder, cervix, uterus, fallopian tubes, and anterior 

vaginal wall. 
Urine is then diverted into one of three reservoirs: 

e lleal conduit where both ureters are implanted into 
the terminal ileum and brought out as an inconti- 
nent stoma 

e Acontinent reservoir where an intra-abdominal res- 
ervoir is fashioned from the stomach or bowel and 
urine drained by regular catheterization® 

e Orthotopic bladder substitution where a similar res- 
ervoir is reanastamosed to the urethra? 


The urethra should not be spared if the tumor involves 
the bladder neck or posterior urethra or in the presence 
of CIS. 

The five-year survival rate for patients treated by 
cystectomy alone is between 15 and 80%, depending 
on staging. Retrospective surgical results are generally 
better than for radiation alone, but when allowance is 
made for confounding factors such as selection bias, 
stage migration, i.e., clinical versus pathological staging 
and prognostic factors, there is little difference in over- 
all results and certainly no survival benefit. Cystectomy 
can also be offered in the event of local failure following 
radiotherapy, again with no effect on overall survival. 

Nonsurgical options for localized or locally advanced 
disease include radiation alone, neoadjuvant and adju- 
vant chemotherapy, and concomitant chemoradiation. 


Modern radiotherapy techniques utilize planning CT 
scans and carefully fractionated regimens to minimize 
toxicity and avoid the chances of a geographical miss on 
the tumor. Prior to treatment the bladder is emptied to 
decrease the volume. Treatment is usually given in 
small daily fractions for four to six weeks to a total 
dose of 52-60 Gray (Gy). The side effects of radical 
radiotherapy include radiation cystitis, proctitis, and 
lethargy. In the longer term urinary function may dete- 
riorate due to bladder fibrosis, although this is not 
common. 


Combined Modality Therapy 


Attempts have been made to improve the results of 
local treatments by the integration of chemotherapy. 
The recognition that a significant number of patients 
die of metastatic disease without local failure made the 
introduction of systemic therapy attractive in this set- 
ting. 

There have been a number of trials of chemotherapy 
given in a neoadjuvant setting, i.e., before definitive 
local therapy. The largest study reported to date is the 
MRC/EORTC Trial which examined the effect of three 
pulses of cisplatin-based chemotherapy before either 
cystectomy or radiation therapy. The survival benefit 
reported did not reach statistical significance, nor did 
the improvement in local control. However, a recently 
published meta-analysis of neoadjuvant chemotherapy 
in bladder cancer has shown a 5% overall survival ben- 
efit for the use of multiagent cisplatin-based therapy 
irrespective of the type of local treatment." 

Chemotherapy given after surgery or radiation, i.e. 
in the adjuvant setting, has been less well-studied and 
no definite conclusions can be drawn at this time. 


Concomitant Chemotherapy/Radiation 


Chemotherapy agents can be utilized as radiation sen- 
sitizes and has direct cytotoxic activity. There have been 
a large number of phase II studies showing the safety 
and apparent efficacy of this approach.'*? The most 
commonly used agent is cisplatin, often combined with 
other drugs such as fluorouracil (SFU) and gemcitabine. 
In addition to which drugs are best to use, there are also 
questions concerning optimal timing of drug delivery in 
relation to radiation treatment, as well as the potential 
for induction chemotherapy. Most of the published data 
also points to the importance of maximal TUR of tumor 
before consideration is given to any form of bladder- 
sparing treatment. There is currently a large phase III 
trial recruiting in the United Kingdom using both 5FU 
and mitomycin C in combination with external beam 
radiation therapy. 
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Metastatic Disease 


Despite improvements in local control, about 50% of 
patients with muscle-invasive disease will eventually 
die with widespread metastatic disease. Untreated, the 
mean survival of patients with metastatic disease is 
three to six months. With modern multiagent chemo- 
therapy this figure rises to about one year.!4 It is now 
well-established that multiagent, cisplatin-based regi- 
mens offer the best chance of response and survival 
benefit.!° Until recently the combination of methotrex- 
ate, vinblastine, adriamycin (doxorubicin) and cisplatin 
(MVAC) was the gold standard. A randomized phase III 
trial was published in 2000 which examined the com- 
bination of cisplatin and gemcitabine against MVAC. 
This trial showed similar response rates (49% vs. 46%), 
but with significantly less toxicity in those treated with 
cisplatin/gemcitabine.'® 

The combination of cisplatin, gemcitabine, and 
paclitaxel is now being investigated against the new 
gold standard of cisplatin/gemcitabine in an attempt to 
further improve results. 


Summary points: 
Intravesical chemotherapy can prevent recurrence 
of superficial bladder cancer but does not affect 
progression-free or overall survival 
Localized, muscle- invasive bladder cancer can be 
treated by either primary radical cystectomy or 
radical radiotherapy with cystectomy reserved for 
radiation failures 
Multimodality therapy is emerging as a useful option 
with maximal transurethral resection of bladder tu- 
mor (TURBT) followed by concomitant chemother- 
apy/radiation 
Metastatic bladder cancer has a poor prognosis, 
with a median survival of 12 months with modern 
multiagent chemotherapy 
Newer regimens, e. g. cisplatin/gemcitabine, are less 
toxic but equally efficacious 


Treatment of Prostate Cancer 


The incidence of prostate cancer is rising and it is now 
the second most commonly diagnosed cancer in men. 
It has been recognized for some time that many men 
diagnosed as suffering from prostate cancer will die of 
some unrelated cause.” In view of this and also the 
potential toxicity of treatment, some patients are ad- 
vised to avoid specific therapy. Typically this applies to 
patients with poor life expectancy and with low-grade, 
good-prognosis tumors, especially if asymptomatic. 
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Fig. 13.2 a Saggital ultrasound scan of the left lobe of the gital scan in the same patient of the normal right lobe for 
prostate showing a very hypoechoic peripheral zone lesion comparison. The peripheral zone is uniform and echogenic 
(arrows) consistent with prostatic carcinoma. b A similar sag- (arrows) 
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Fig. 13.3 Axial T2-weighted scan of the prostate showing 
extensive low signal change (arrow) throughout the right 
peripheral zone of the gland. The appearances are those of 
carcinoma. Tumor extension is noted into the right neuro- 
vascular bundle (thick arrow) 


For purposes of description, the treatment of pros- Fig. 13.4 A radioisotope bone scan showing multiple “hot 
tate cancer can most conveniently be divided into: spots” in the spine, pelvis, and one of the ribs on the left. 
e Treatment of intracapsular disease (Fig. 13.2) The features are those of metastatic disease. The patient was 
+ Treatment of localized disease extending outside the known to have a prostatic primary. Left-sided hydronephrosis 

; is also noted and the patient is catheterized 
capsule, often referred to as locally advanced disease 

(Fig. 13.3) 

e Treatment of metastatic disease (Figs. 13.4, 13.5) 


a | à 


Fig.13.5 Coronal T1-weighted MRI scan performed as part 
of a prostate tumor staging scan. This shows multiple, focal, 
low-signal lesions throughout both femora, pelvis, and lumbar 
spine consistent with metastatic disease 


E Treatment of intracapsular Disease 


This is an area of considerable controversy. The main 
options of active surveillance, radical prostatectomy, 
external beam radiation therapy, and interstitial ther- 
apy have never been compared in a prospective man- 
ner. One study has shown no evidence of survival ben- 
efit for active therapy over an age-matched control.'® 
Radical prostatectomy can be performed by the retro- 
pubic, perineal, or laparoscopic route with similar re- 
sults.'® Pelvic lymphadenectomy is performed initially 
and if frozen section analysis shows tumor involve- 
ment, further surgery is abandoned. Nerve-sparing rad- 
ical prostatectomy is said to result in improved rates of 
urinary incontinence and impotence. The best results in 
terms of operative mortality and morbidity come from 
single-institution centers, but the operation is still re- 
garded as having considerable long-term morbidity; 
the mortality is 1-1.5%. Total urinary incontinence is 
rare, but some control difficulties are reported in up to 
30% of cases.”° The risk of impotence after radical pros- 
tatectomy is variously reported as between 24 and 89%. 
This risk is increased with age and poor pretreatment 
function. 

In addition to impotence, attention is also now being 
paid to overall quality of sexual function after radical 
prostate cancer treatment but there is little data at 
present. 

An alternative treatment for patients with intracap- 
sular disease is a radioisotope implant procedure. Pros- 
tate brachytherapy involves the introduction of radio- 
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active isotopes directly into the gland. This is usually 
performed with the aid of transrectal ultrasound 
(TRUS) guidance and the radioisotope is delivered 
through the perineum via a template grid system. lo- 
dine!” and palladium!” are the most commonly-used 
isotopes. The side effects are similar to external beam 
therapy, but there is usually slightly greater urinary 
irritation. The use of prostate brachytherapy has in- 
creased dramatically in the last 10 years in tandem 
with improvements in technology. The main advantage 
of this form of therapy is its convenience. The proce- 
dure involves a maximum of two hospital visits of 
relatively short duration. The efficacy and toxicity com- 
pare favorably to external beam therapy and radical 
prostatectomy.”! 

External beam radiation therapy can be used as 
monotherapy in the treatment of good-prognosis intra- 
capsular disease. Megavoltage beams are used to cover 
the prostate with a small margin and treatment is usu- 
ally given daily to a total dose of 64-78 Gy. Escalating 
radiation dose has been shown to be an independent 
factor in improving local control and decreasing pros- 
tate-specific antigen (PSA) failure, especially in higher- 
risk patients.?2 

There have been a number of technological develop- 
ments over the last 10 years or so which have resulted 
in improvements in the ability to plan and deliver high 
doses of radiation to the prostate gland in a consistent 
and reproducible manner. These include three-dimen- 
sional (3-D) treatment-planning systems and com- 
puter-controlled delivery systems allowing conformal 
shaping of radiation beams. It is now possible to vary 
the beam intensity or fluence of each portal and by so 
doing the radiation dose distribution can be shaped 
accurately to the contours of the prostate. This is known 
as intensity-modulated radiation therapy (IMRT). By 
using such techniques, doses of up to 81 Gy can be 
delivered without excessive toxicity.” 

Patients with good-prognosis intracapsular disease 
are given treatment options such as radical prostatec- 
tomy, radical external beam radiotherapy, and implan- 
tation. A recently published retrospective trial by 
D'Amico et al.?” examined the PSA failure rate in pa- 
tients treated by external beam (866 patients), radical 
prostatectomy (888 patients), or implantation (218 pa- 
tients).There was no difference in outcome for low-risk 
patients defined as PSA < 10 ng/mL, stage T2a or less, 
and Gleason score 6 or less. 


oO Treatment of Locally Advanced Disease 
Whilst some patients with good-prognosis, early-stage 


disease can undoubtedly be cured by high doses of 
carefully fractionated external beam radiation, patients 
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who have extracapsular disease, i.e. T3/T4 disease, PSA 
> 20, Gleason score 8-10, and/or pelvic lymph node 
involvement, are likely to fail radiation therapy alone. 
For such high-risk patients the combination of andro- 
gen ablation and radiation therapy is often prescribed. 
Several trials have shown benefit in these situations 
with regard to biochemical and local control.?°?° A 
survival benefit has also been demonstrated especially 
when androgen ablation is continued in an adjuvant 
fashion after definitive local therapy.2” However, the 
exact timing and duration of hormone treatment is 
not yet fully characterized. 


a Treatment of Metastatic Disease 


Hormonal therapy for metastatic prostate cancer can be 
spectacularly successful in palliating symptoms and in 
gaining biochemical control. The response rate is 
80-90% in previously untreated patients. The problem 
is that the emergence of hormone-resistant disease is 
inevitable with a median duration of response of 12-18 
months. 

The timing of introduction of hormonal therapy has 
been debated for some time, with the major question 
being whether or not to actively treat an asymptomatic 
man with metastatic disease. For some time it was 
assumed that treatment could be deferred until symp- 
toms developed as there was no survival benefit from 
treatment and significant drug-induced toxicity. How- 
ever, a more rigorous examination of the original Vet- 
erans Administration studies has shown that more pa- 
tients suffer disease complications and die of prostate 
cancer in the deferred treatment group.” These find- 
ings were confirmed in the Medical Research Council 
trial reported in 1997.7° 

Hormonal therapy in prostate cancer can either 
block the production of androgens or act in competition 
with androgens at target-organ receptor sites. Castrate 
levels of testosterone can be achieved by surgical or 
medical castration. Bilateral orchidectomy was origi- 
nally described by Huggins and Hodges in 1941.°° 

Medical castration is performed by the luteinizing 
hormone, releasing hormone (LHRH) group of drugs 
such as goserelin and leuprorelin. These have an initial 
stimulatory effect on the pituitary gonadotrophins, fol- 
licle-stimulating hormone (FSH), and luteinizing hor- 
mone (LH). The resulting testosterone surge then elicits 
a negative feedback effect on the hypothalamus and 
pituitary with resultant desensitization. Castrate levels 
of testosterone are accomplished in about four weeks. 
An oral antiandrogen drug such as cyproterone acetate 
is usually prescribed during any potential period of 
testosterone surge. 
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LHRH analogues are given by subcutaneous injection 
on a monthly or three-monthly basis. Side effects of 
either form of castration are predictable due to very 
low levels of circulating androgens and include loss of 
libido, hot flushes, tiredness, and loss of muscle tone. 

Responses to second-line hormone therapies such as 
antiandrogens, low-dose estrogens, and progestational 
agents are usually minor and of short duration.?! 


a Treatment of Hormone-Refractory Prostate 
Cancer 


The development of hormone-refractory prostate can- 
cer (HRPC) portends a poor prognosis with a median 
survival of 9-12 months. Optimal therapy for this di- 
verse group of patients has yet to be determined, but 
due to the myriad of clinical scenarios treatment must 
be individualized. Until recently no specific treatment 
had been shown to prolong survival. 

Chemotherapy treatment has emerged as a useful 
tool in the treatment of hormone-refractory disease in 
the last decade. Two trials published in 1996 showed 
the palliative benefit of the combination of mitoxan- 
trone and corticosteroids along with a reasonable tox- 
icity profile.”™? Although no survival benefit was dem- 
onstrated there was an improvement in pain control 
and quality of life in both trials. This treatment (mito- 
xantrone and corticosteroid) was until recently consid- 
ered standard first-line chemotherapy treatment for fit 
patients with hormone-refractory disease. 

Recently, interest has focussed on the potential of 
the taxane group of drugs and especially docetaxel 
(Taxotere) either alone or in combination with drugs 
such as estramustine** and vinorelbine. Docetaxel can 
be given on a weekly basis, which is sometimes useful 
in frail, heavily-pretreated patients. The results of two 
phase III trials comparing standard mitoxantrone/ste- 
roid treatment with Taxotere have now been published. 
In the TAX 327 trial mitoxantrone was compared with 
two different schedules of Taxotere, given either 
weekly or three-weekly along with corticosteroids. 
There was a significant survival benefit in the three- 
weekly Taxotere arm. In addition, Taxotere-treated pa- 
tients, showed improved pain control and quality of life 
and had improved PSA responses.?° 

The SWOG trial compared Taxotere/estramustine 
with mitoxantrone/prednisone and also showed a small 
but statistically significant survival benefit for the Tax- 
otere-treated patients.°° 

Palliative radiotherapy is useful for painful bone 
metastases, as well as for symptomatic soft-tissue dis- 
ease. Systemic radiotherapy with strontium 89 injec- 
tion can also be useful especially for widespread flitting 
bone pain. Recently the introduction of bisphosphonate 


therapy with zoledronic acid, given as a monthly 15- 
minute infusion, has shown benefit in reducing skeletal 
complications in hormone-refractory disease.” 


Summary points: 
Prostate cancer is now the second most commonly 
diagnosed malignancy in men 
Intracapsular disease can be treated by active sur- 
veillance, radical prostatectomy, interstitial implan- 
tation, or external beam radiotherapy with similar 
long-term results 
Locally advanced disease and poor- prognosis disease 
is managed by the combination of hormonal therapy 
and external beam radiotherapy 
Metastatic disease responds well to hormone ther- 
apy initially but the emergence of drug resistance is 
inevitable after a mean of 12-18 months 
Treatment of hormone-refractory disease with tax- 
ane- based chemotherapy has been shown to palliate 
symptoms and improve survival 
Options for treatment of hormone-refractory dis- 
ease include palliative radiotherapy, intravenous 
chemotherapy, strontium®?, zoledronic acid, and 
corticosteroids 


= Treatment of Testicular Tumors 


Germ cell tumors of the testis are the commonest ma- 
lignancies in men aged 20-40. Peak incidence is around 
age 25-35, and the incidence appears to be rising. 

Possible causes include exposure to estrogenic ma- 
terials prenatally, testicular maldescent, and a familial 
predisposition. Abnormalities in chromosome 12 are 
seen in almost all cases of testicular cancer. 

Over 95% of patients will be cured, but issues such as 
fertility and long-term toxicity must be borne in mind, 
and most patients will opt to have sperm samples 
stored prior to any treatment, with the possible excep- 
tion of para-aortic radiation in stage I seminoma. 

The classical presentation is with a painless lump, 
however, most will have symptoms of pain or swelling. 
Patients with advanced disease can present with symp- 
toms attributable to their metastases. 

The initial investigation should be testicular ultra- 
sound, ideally within two weeks of presentation. 
(Fig.13.6) This helps to exclude pathologies such as 
epididymo-orchitis. 

Definitive diagnosis of a testicular tumor and review 
of its pathology and prognostic information therein is 
achieved by inguinal orchiectomy. Even in those pa- 
tients who clearly have more advanced disease, the 
procedure should be undertaken at some point, as che- 
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Fig. 13.6 Ultrasound scan of the right testicle in a young 
man presenting with a painless scrotal mass. Ultrasound 
scan confirmed the presence of a large hypoechoic solid mass 
(arrows) within the testis consistent with tumor. Histology 
showed a teratoma 


Fig. 13.7 Axial CT scan of a patient with a left-sided testic- 
ular teratoma at renal level showing the presence of a left- 
sided para-aortic lymph node measuring just over 2 cm in 
diameter (arrows). There is slight prominence of the left renal 
pelvis 


motherapy is inadequate to sterilize the primary tumor 
(Fig.13.7). In addition to this, preoperative tumor 
markers including alpha-fetoprotein (AFP), human 
beta-chorionic gonadotropin (beta-HCG), and lactate 
dehydrogenase (LDH) should be checked, and if raised, 
should be monitored until they become normal post- 
operatively. AFP levels are raised in about 70% of ter- 
atomas, but never in seminomas. About 50% of terato- 
mas will have an elevated human chorionic gonadotro- 
pin (HCG) level and seminomas can also show a modest 
elevation. 

There are a number of histological classifications, 
including World Health Organization (WHO) and the 
British Testicular Tumors Panel. Tumors are divided 
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Table 13.1 The Royal Marsden staging system for testicular 
tumors 


Stage | No metastasis 


IM Rising serum markers with no other evidence of 
metastasis 


Il Abdominal node metastasis: 
A < 2 cm in diameter 
B 2-5 cm in diameter 
C > 5 cm in diameter 
ll Supradiaphragmatic nodal metastasis: 
M mediastinal 
N supraclavicular, cervical, or axillary 
O No abdominal node metastasis 
ABC Node stage as defined in stage II 
IV Extralymphatic metastasis lung: 
L1 < 3 metastases 
L2 > 3 metastases, all < 2 cm diameter 
L3 > 3 metastases, 1 or more > 2 cm diameter. 


L+, Br+, Bo+—liver, brain or bone metastases. 


into seminoma and nonseminoma. Seminomas are clas- 
sical or spermatocytic. Nonseminomas generally in- 
clude multiple cell types. All pathological samples 
should be reviewed by an expert pathologist. 

Both the tumor, node, metastasis (TNM) and Royal 
Marsden systems are in use to assign patients a clinical 
stage. 

The Royal Marsden staging is shown in Table 13.1 


Seminoma 


Around 75% of seminomas are stage I. The standard 
treatment is adjuvant radiotherapy to the para-aortic 
nodes. There has been some evidence to suggest stan- 
dard radiotherapy schedules can be shortened, although 
this remains under discussion.*® Other options include 
surveillance and adjuvant chemotherapy, neither of 
which is currently accepted as standard treatment. 

Surveillance can be problematic in what is usually a 
nonmarker secreting tumor; it requires intensive fol- 
low-up in terms of cost, time, and radiological inves- 
tigation. Also, on surveillance around 15-20% of pa- 
tients will relapse, and although they can almost all 
be salvaged,*°*° this has a psychological cost attached 
to it. Adjuvant chemotherapy for seminoma is still re- 
garded as experimental whilst the results of a large 
MRC trial looking at this issue are awaited (TE19). 

Avery small proportion of patients will relapse after 
standard radiotherapy (2-3%) and these can be sal- 
vaged with chemotherapy.*! 

The role of retroperitoneal lymph node dissection in 
both seminoma and nonseminoma varies geographi- 
cally. It is rarely practiced in the United Kingdom, but 
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plays a very prominent part in treatment in the United 
States. 

Stage IIA and IIB seminoma may be treated with 
radiotherapy alone to the affected and at-risk nodes; 
cure rates of over 90% can be achieved. Patients with 
more bulky disease should be offered platinum-based 
combination chemotherapy along similar lines to the 
treatment of metastatic nonseminoma. 


E] Non- seminoma Germ Cell Tumor 


Patients with stage I nonseminoma have a management 
strategy defined according to the pathological charac- 
teristics of their tumor. Those 50% of men who have 
vascular invasion in their tumor are at higher risk of 
relapse than those without (48% against 15%),*? and 
therefore should be offered chemotherapy in the form 
of two cycles of platinum-based chemotherapy. Those 
without are generally offered surveillance protocols, 
which involve frequent clinic assessments, chest radi- 
ology, tumor markers, and CT scans frequently in the 
first two years, a requirement which is being examined 
in a current MRC trial. 

The introduction of platinum-based chemotherapy 
was a major step toward vastly improved cure rates, 
and has evolved over the years. A regime in common 
use today involves the combination of cisplatin, etopo- 
side and bleomycin (BEP). However, the high cure rate 
and significant toxicity has resulted in efforts to identify 
those patients who are more or less likely to be cured 
by standard chemotherapy. The International Germ Cell 
Cancer Collaborative Group was formed in 1991 and 
from a database of over 6000 patients generated a 
very useful staging system for metastatic disease based 
on prognostic factors.*? The “good” prognosis group 
would be expected to have cure rates of around 90%, 
intermediate 80%, and poor 45%. 

It is now generally accepted that good-prognosis 
patients can be treated with shorter schedules than 
previously, with equivalent results, in an attempt to 
reduce toxicity. “4 

Those patients in other prognostic groups are less 
numerous and therefore there is a relative paucity of 
randomized data looking at alternatives. An EORTC 
phase I/II study is in progress (TE21). 

Following completion of chemotherapy, considera- 
tion should be given to resection of residual masses. 
Around 50% of masses in patients treated for teratoma 
may contain viable germ cell tumor or teratoma, and 
further chemotherapy may be of benefit, but this is 
controversial. The picture is even less clear for patients 
with treated seminoma, but generally masses are not 
considered for resection unless bulky. Optimal timing of 
both clinical and radiological review is unclear and is 


being investigated, but should aim to detect relapse at 
an early stage and monitor long-term toxicity from 
treatment. 


Summary points: 
Incidence of testicular tumors is increasing 
Cure rates are high and emphasis is on reducing 
long-term toxicity 
Stage | and nonbulky stage Il seminoma are treated 
with radiotherapy 


Bulky stage Il seminoma and the majority of non- 
seminomas are managed with platinum-based che- 
motherapy with curative intent 

Following chemotherapy patients with residual 
tumor masses should be considered for surgical 
excision 


= Treatment of Renal Cell Carcinoma 


Renal cell carcinoma (RCC) is a relatively rare condition, 
accounting for only 2-3% of all cancers worldwide. 
However, the incidence is rising. The median age at 
diagnosis is 62, and the male to female ratio is 2:1. 
Possible risk factors include cigarette smoking, obesity, 
diet, and occupational exposures to materials such as 
asbestos, end-stage renal disease (ESRD), and some 
congenital disorders such as von Hippel-Lindau dis- 
ease, tuberous sclerosis, and polycystic kidney disease. 
Abnormalities of chromosome 3p are present in the 
majority of sporadic and hereditary renal cancers. 

The classical presentation is with flank pain, hema- 
turia, and a palpable abdominal mass. However, with 
the advent of more sophisticated imaging the diagnosis 
is made incidentally in more than 50% of patients. 

Five-year survival is 55-60% and has improved in 

recent years. 
Approximately 85% of all RCCs are adenocarcino- 
mas—either clear cell or papillary tumors, the remain- 
der being made up of transitional cell carcinomas of the 
renal pelvis. 

The staging of RCC is outlined in Table 13.2. 


Investigation 

Most patients have cross-sectional imaging preopera- 
tively with CT being the gold standard (Fig. 13.8). De- 
spite this, up to 17% of patients with a preoperative 
radiological diagnosis of RCC are found to have other 
pathologies such as sarcoma, metastases, and cysts.*° 
One classification system has been introduced in an 
attempt to differentiate between cysts and RCC.*° 
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Table 13.2 Staging of renal cell carcinoma (TNM 2002) 


T1 < 7 cm; limited to the kidney 

Tla <4cm 

T1b >4cm 

T2 >7 cm; limited to the kidney 

3} Adrenal or perinephric invasion; major veins 
T3a Adrenal or perinephric invasion 

T3b Renal vein(s), vena cava below diaphragm 
BE Vena cava above diaphragm 

T4 Beyond Gerota fascia 

N1 Single 

N2 More than one 


Fig. 13.8 Axial CT scan showing a large, thick-walled renal 
tumor of the left kidney (thin arrows) with a large amount 
of central necrosis. Marked local hilar adenopathy (thick ar- 
rows) is present. The left renal vein and inferior vena cava 
(arrowheads) are patent 


There may, therefore, be a role for percutaneous 
biopsy. However, whilst relatively sensitive, it appears 
to be poor at adequately excluding renal malignancy. It 
is worthwhile, where a nonrenal malignancy is sus- 
pected, for example lymphoma or a metastatic lesion. 

Prognosis can be variable, and therefore a staging 
system based on TNM stage, histological grade, and 
performance status amongst other data has been de- 
vised by the University of California at Los Angeles 
group (UCLA Integrated Staging System).*” This system 
has been further developed and is now used in algo- 
rithm form to stratify patients postoperatively.*® 


m Surgical Treatment 

Surgical resection is the standard treatment of localized 
RCC, usually in the form of radical nephrectomy. This 
involves ligation of the renal artery and subsequently of 
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the renal vein prior to removal of the kidney, perirenal 
fat, and Gerota fascia, with the aim of avoiding tumor 
dissemination. The value of lymphadenectomy is con- 
troversial. As RCC can metastasize by blood-borne and 
lymphatic routes; it seems logical that therapeutic 
lymphadenectomy would be beneficial. However, the 
extent of dissection required and effect on morbidity 
remains uncertain. The EORTC study 30881 has looked 
at this question and it appears that there is no increase 
in mortality or morbidity with lymphadenectomy. 
However, the follow-up is not yet long enough to 
make any definitive comment on survival.*° 

The complication rate of radical nephrectomy is 3% 
and the death rate 1%.°° 

More recently nephron-sparing surgery and partial 
nephrectomy have gained in popularity. Such proce- 
dures seem to be equivalent to radical surgery in tu- 
mors < 4 cm in size.>! 

Adrenalectomy remains of uncertain benefit. A nor- 
mal adrenal gland on CT has a 100% negative predictive 
value in one recent study.° It therefore seems reason- 
able to omit adrenalectomy in the face of a normal CT. 

Nephrectomy in metastatic disease is a controversial 
issue. Although not curative, there is now data from two 
randomized trials to suggest a survival benefit in se- 
lected patients. The first shows a survival benefit of 
three months,” and the second 10 months.°* 

There is scanty evidence to support the theory that 
spontaneous regression of metastases follows nephrec- 
tomy in any significant number of patients. Palliative 
benefits may include reduction of hematuria and pain. 
However, these ends can sometimes be achieved with 
the judicious use of other modalities, such as emboliza- 
tion. The psychological benefit to a patient receiving 
surgery to “remove the cancer“ cannot be overesti- 
mated. Clearly, to opt for or against nephrectomy is a 
complex decision to make, on an individual patient 


Fig. 13.9 Axial CT scan of the mediastinum showing wide- 
spread mediastinal lymphadenopathy 
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basis, along with the patient and their family. It has 
been shown, however, that only around 20% of patients 
with metastatic RCC in one case series were offered 
nephrectomy because of unresectability or poor per- 
formance status.°° 


z Nonsurgical Treatment 


In patients not suitable for surgery, external beam ra- 
diation can offer some palliative benefit. There is an 
uncertain role for postoperative radiation, with most 
studies being negative.°°°” 

As metastatic renal cancer often has a long natural 
history, there can be an argument made for radical 
treatment of isolated metastases. One series of patients 
treated with a “curative metastectomy” recorded a five- 
year survival of 44%.°° Favorable features were a dis- 
ease-free interval of more than one year, solitary meta- 
stasis and age < 60. One further advance in treatment is 
in stereotactic radiosurgery for isolated brain metasta- 
sis with one series showing a median survival of 11 
months with no immediate mortality, suggesting this 
may be a viable alternative to surgery.°° 

Responses to chemotherapy rarely exceed 10%, and 
for this reason chemotherapy is not advocated in pa- 
tients with metastatic renal cancer not in the context of 
a clinical trial. 

The natural history of renal cancer and reports of 
occasional spontaneous regression suggest an immuno- 
logical role. This provides a rationale for the use of 
biological therapies. Immunotherapy with interferon- 
a-2 has become the cornerstone of medical manage- 
ment for metastatic renal cancer. There are now a num- 
ber of randomized trials supporting the use of inter- 
feron, the largest being an MRC trial. This showed a 
statistically significant survival advantage for the use of 
interferon as against the use of medroxyprogesterone 
acetate (MPA) in patients with metastatic RCC, with a 
reduction in the odds of death of 28% (Fig. 13.9). 

The standard treatment for metastatic RCC has 
therefore become subcutaneous interferon-a-2, 10 
megaunits, three times per week. This treatment is 
not without toxicity, however, with around 70% of pa- 
tients suffering side effects which included influenza- 
like symptoms, depression, anorexia, and fatigue. 24% 
of patients receiving interferon had a dose reduction 
versus 7% on MPA. 

However, at the end of the treatment period (12 
weeks) there were minimal differences in reported 
toxicities, other than reduced appetite, suggesting pa- 
tients can tolerate this treatment. 

Current trials are evaluating the role of the addi- 
tional interleukin 2 and 5FU (MRC RE04). 


Summary points: 


e RCC is commonly now an incidental diagnosis 
e Radical nephrectomy is the mainstay of treatment 
in localized disease 


e There is only a limited role for radiotherapy and 
chemotherapy in all stages of the disease 

e There is an established role for immunotherapy with 
interferon-a in metastatic disease, possibly in com- 
bination with IL-2 and 5FU 
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14 Ultrasound of the Pediatric Urogenital Tract 


M. E. K. Sellars 


E Introduction 


Ultrasound is the initial imaging investigation for ex- 
amination of the urinary tract in children and infants, 
providing precise anatomical information. Ultrasound 
is robust in the face of a “moving” target, allows re- 
peated examinations without any radiation hazard, and 
is viewed by the patient as a “friendly” procedure with 
the examiner close at hand. The ability to image in real- 
time is an asset, although one disadvantage of ultra- 
sound is the poor appreciation of the capabilities of the 
technique by clinicians. Imaging findings on ultrasound 
together with clinical presentation will determine 
which further investigations, if any, are needed. Ultra- 
sound of the urogenital tract in children and infants 
should always precede any other type of imaging in- 
vestigation. 


=i Ultrasound Imaging Techniques 


No preparation is required for imaging the urogenital 
tract in the pediatric population. Ultrasound of the 
kidneys is performed with the patient lying in a supine 
and/or a prone position following the application of 
warmed gel. An assortment of transducers may be nec- 
essary to optimize visualization depending on patient 
age and size. These include curvilinear and phased- 
array or linear transducers with a frequency ranging 
between 3 and 7.5 MHz. 

Longitudinal and transverse images are obtained of 
the kidney and bladder and the testes where required, 
with the bladder routinely examined first. Often the 
bladder is emptied during the examination. Visualiza- 
tion of the bladder allows bladder volume to be calcu- 
lated, as well as to give an estimation of any exagger- 
ation of distal ureteric and renal pelvic measurements 
in the presence of a distended bladder. In an unob- 
structed system, these appearances should resolve fol- 
lowing micturition. Bladder volume assessment in chil- 
dren referred following a urinary tract infection (UTI), 
in those with neurological problems, or distal urinary 
tract obstruction is particularly important.' 

The adrenal glands may be visualized with the pa- 
tient lying supine (right adrenal gland) and in a right 
decubitus position (left adrenal gland) using the liver, 


spleen, and left kidney as an acoustic window, respec- 
tively. The testes are readily examined using a linear 
high-frequency transducer. 


=a Normal Anatomy 
E Kidney 


The normal neonatal kidney, up to about age 12 weeks, 
has a cortex of high reflectivity, prominent low-reflec- 
tive pyramids, and a nondilated collecting system 
(Fig. 14.1).? Unlike the adult kidney there is less renal 
sinus or perirenal fat. The kidney often has a lobulated 
appearance with the indentations present between the 
renal pyramids. Renal length is the most commonly 
used measurement of renal size.* Renal length is best 
measured with the highly mobile infant or young child 
lying in the prone position, preventing foreshortening 
of the coronal or sagittal views. Normal standards exist 
for comparing renal length with age and height; any 
deviation in length from the proposed normal values 
would imply the presence of renal disease.* In 80% of 
children the left kidney is the same size or slightly 
longer than the right kidney.” A difference in length of 
> 1 cm between the kidneys would imply an underlying 
abnormality, either due to scarring producing a small 
kidney or due to pathological processes such as pyelo- 
nephritis producing renal enlargement.® 


Fig. 14.1 Normal kidney. The normal neonatal kidney (be- 
tween cursors) has a cortex of high reflectivity, prominent 
low- reflective pyramids, and a nondilated collecting system 
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mi Bladder 


The distended bladder is of smooth outline with a wall 
thickness of < 3 mm. On transverse imaging the distal 
ureters may be seen lying posterior to the bladder with 
an anterior-posterior diameter <2 mm.” This distal 
ureteric diameter may be exaggerated in the presence 
of a distended bladder and must therefore be reas- 
sessed following micturition. 


E Testis 


The testis should always be present in the scrotal sac, 
but occasionally, if retractile, are found at the external 
inguinal ring area. Ultrasound is a useful initial inves- 
tigation for an undescended testis, often present within 
the inguinal canal. The normal testis is of medium-level 
reflectivity, with the epididymis seen as a separate 
entity. The tunica albuginea appears as a thin, high- 
reflective line surrounding the testis. Color Doppler 
flow is not always present in the normal infant testis, 
and is more reliably detected as the testicular volume 
increases at puberty.®° Fluid within the scrotal sac is 
readily appreciated.” 


Summary points: 

e Transducers with a frequency ranging between 
3 and 7.5 MHz give the best overall assessment of 
the urogenital tract 

e Renal length is best measured with the child lying 


in the prone position 

e Distal ureteric diameter may be exaggerated in the 
presence of a distended bladder 

e The normal testis is of medium reflectivity sur- 
rounded by a thin, highly reflective tunica albuginea 


i Congenital Anomalies Affecting 
Renal Position and Number 


bs Renal Fusion 
Horseshoe Kidney 


This is the most common form of renal fusion, affecting 
approximately one in 600 births. The medially orien- 
tated lower renal poles are joined by an isthmus, either 
of functioning renal tissue or of a fibrous band which 
crosses anterior to the aorta and inferior vena cava 
(IVC).!° On ultrasound a horseshoe kidney is best im- 
aged in the coronal plane, although ultrasound diagno- 
sis may be difficult. The lower poles may be tapered, 


Fig. 14.2 Crossed-fused ectopia. a B-mode image of cross- 
fused ectopia (between cursors) with an anterior notch present 
(arrow). No renal tissue was identified in the contralateral renal 
fossa. b On the color Doppler ultrasound image, two renal 
arteries (arrows) are seen supplying the superior and inferior 
kidneys 


elongated, and poorly defined; often directed medially. 
The fused kidneys are susceptible to infection, trauma, 
calculus, and tumor formation, which may be either a 
Wilms tumor or an adenocarcinoma. 


Cross-Fused Ectopia 


Here, both kidneys are located on the same side of the 
abdomen. The lower pole of one kidney is fused with the 
superior pole of the inferiorly placed kidney (Fig. 14.2). A 
characteristic anterior and/or posterior notch provides 
a major clue to the correct diagnosis. The ureters enter 
each side of the bladder in their normal position." 


a Renal Ectopia 


The embryonic kidney originates in the pelvis. As the 
fetal spine elongates and the kidneys become fixed to 
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Fig. 14.3 Pelvic kidney. a Pelvic kidney in a pediatric patient close to the iliac vessels (arrow). b Pelvic kidney (between arrows) in a 
newborn child with the bladder (short arrow) adjacent to the lower aspect of the pelvic kidney 


the retroperitoneum, the kidneys migrate cranially.'* 
Ectopic kidneys can be found anywhere along their 
migratory path but are most commonly found in the 
pelvis and are usually malrotated. Although patients 
may present with a mass, most pelvic kidneys are 
asymptomatic (Fig.14.3). There is an associated in- 
creased risk of infection and hydronephrosis in these 
abnormally placed kidneys. The ectopic kidney may be 
difficult to locate on ultrasound and, in the presence of 
an empty renal fossa, further imaging should be per- 
formed to locate the ectopic kidney; a °°™Tc-dimercap- 
tosuccinic acid (°°™Tc-DMSA) scan is normally per- 
formed to locate the ectopic kidney. 


E Renal Agenesis and Hypoplasia 


Renal agenesis may be unilateral or bilateral. The latter 
is incompatible with life, and neonates with this con- 
dition tend to die from chronic renal failure toward the 
end of the first week of life. 


E Duplication Anomalies 


Renal duplication is the most common renal anomaly. 
Renal duplication is thought to be due to early division 
of the ureteral bud, resulting in separation of the renal 
pelvis into two moieties.!? More commonly a unilateral 
phenomenon, bilateral duplication does occur. The 
changes of duplication may be partial or complete 
with the development of two ureters and ectopic in- 
sertion of the ureters into the bladder. The ureter from 
the upper moiety, often associated with a ureterocele, 
enters the bladder inferior to the lower-pole ureter, an 
inverse relationship known as the “Weigert-Meyer” 
rule. Due to the shorter course through the bladder 
wall, the ureter draining the lower renal moiety is 
susceptible to vesicoureteric reflux (VUR). The upper- 


pole moiety, in turn, is susceptible to obstruction. Pel- 
viureteric junction (PUJ) obstruction of the lower moi- 
ety may also be seen. 

Constant leakage of urine in the presence of a normal 
voiding pattern may be seen in girls due to ectopic 
insertion of the ureter anywhere along the lower uro- 
genital tract, including the vagina and perineum. In 
boys, the ectopic ureter terminates above the external 
sphincter and this problem does not occur.!? Although 
ultrasound will detect most duplex systems and their 
associated complications, the examination may be en- 
tirely normal. Further imaging in the form of cystogra- 
phy and ®™Tc-DMSA studies are needed for further 
evaluation. 


Summary points: 
e Horseshoe kidney is best imaged in the coronal plane 
e In cross-fused ectopia the ureters enter the bladder 


in their normal position 
e Renal duplication is the commonest renal anomaly 
e Ectopic kidneys are most commonly found in the 
pelvis 


E Hydronephrosis 


Hydronephrosis is the most commonly detected ante- 
natal abnormality and a common indication for postna- 
tal imaging.*!> Ultrasound is sensitive in detecting hy- 
dronephrosis and is able to assess dilatation involving 
the renal tract along its entire length from the renal 
calyces down to the vesicoureteric junction (VUJ).'°"® 
Hydronephrosis may be discovered incidentally or be 
found in patients presenting for investigation of a UTI, 
abdominal pain, renal failure, or hypertension (Fig. 14.4). 
When assessing the neonate referred with an antenatal 
diagnosis of hydronephrosis, early imaging may under- 
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Fig. 14.4 Hydronephrosis. A moderate degree of hydrone- 
phrosis with dilatation of the upper ureter (between cursors) 


estimate the degree of hydronephrosis, as physiological 
dehydration secondary to poor feeding may be 


present.” 


rate (GFR) in the first few days of life is often presen 
As many as 18-30% of antenatally diagnosed hydro- 
nephrosis resolve in the postnatal period and are prob- 


Furthermore, a reduced glomerular filtration 
t38 


Fig. 14.5 PUJ obstruction. A dilated pelvis and thinning of the 
renal parenchyma in a long-standing PUJ obstruction. The 
expected PUJ is indicated by the arrow 


Fig. 14.6 VUJ obstruction. a Narrowing at the VUJ (arrow), 
with dilatation of the distal ureter (short arrow). b Transverse 
image through the bladder, with marked dilatation of the left 
ureter (long arrow) and prominence of the right ureter (short 
arrow). c Resulting hydronephrosis of the left kidney 


ably due to atony of the collecting system in the pres- 
ence of maternal progesterone.’ 

Hydronephrosis may be divided into two groups: 
obstructive and nonobstructive causes. Obstructive 
causes include PUJ obstruction (Fig. 14.5), VUJ obstruc- 
tion (Fig. 14.6), posterior urethral valves (Fig. 14.7), and 


other causes of bladder outlet obstruction. Causes of 
nonobstructive hydronephrosis are predominantly 
congenital in origin. 


Obstructive Hydronephrosis 


Pelviureteric Junction Obstruction 

This is the most common congenital obstruction of the 
urinary tract but may be acquired following extrinsic 
compression of the PUJ by an anomalous blood vessel, 
band, or adhesion or due to presence of a calculus or 
blood clot.!> It occurs more commonly in male infants 
and is reported to involve the left kidney more than the 
right.7° The diagnosis can be made following antenatal 
ultrasound or may be detected in the child presenting 
with pain, hematuria, infection, or an upper abdominal 
mass. Classically, ultrasound demonstrates pelvicaly- 
ceal dilatation without ureteral dilatation (Fig.14.5). 
Appearances may be bilateral and asymmetrical. Fur- 
ther imaging to confirm the ultrasound diagnosis and 
assess renal function includes scintigraphy and cystog- 
raphy to exclude the presence of coexistent reflux 
which may be seen in the contralateral kidney. 


Vesicoureteric Junction Obstruction 

Vesicoureteric junction (VUJ) obstruction is due to dys- 
motility of the distal ureter. Other causes of distal ure- 
teric obstruction include congenital stenosis, distal ure- 
teric calculi or intraluminal blood clot, a neurogenic 
bladder, or extrinsic compression on the ureter from a 
pelvic mass. Ultrasound demonstrates a dilated distal 
ureter lying posterior to the bladder and varying upper 
tract dilatation, although there may be no associated 
hydronephrosis (Fig. 14.6). Further imaging would in- 
clude scintigraphy and cystography. 


Posterior Urethral Valve 
During the seventh week of fetal development, the 
urogenital membrane ruptures and incomplete disinte- 
gration of this membrane may lead to the development 
of a posterior urethral valve (PUV).?? PUV is the most 
common congenital cause of lower urinary tract ob- 
struction in the male infant, producing acute obstruc- 
tion in the infant, although milder cases may not 
present until later in childhood (Fig.14.7). Although 
familial occurrence is rare, cases have been reported 
amongst siblings and identical twins.?? Diagnosis may 
be made on antenatal imaging with typical ultrasound 
findings of a thick-walled trabeculated bladder, bilateral 
hydroureter, and bilateral hydronephrosis, although a 
normal upper tract is seen in up to 10% of cases.” 

An elongated dilated posterior urethra may be seen 
inferior to a dilated bladder neck, probably best dem- 
onstrated on a postnatal transperineal ultrasound 
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Fig. 14.7 Posterior urethral valves. a Longitudinal image of 
the posterior urethra demonstrating a posterior urethral valve 
(arrow). (Courtesy of Dr. U. Patel and Dr. D. Rickards, London, 
UK) b Image from micturating cystourography in a male infant, 
demonstrating bilateral dilated ureters (arrowheads), the blad- 
der (short arrow), and a distended posterior urethra (long 
arrow). These appearances have arisen due to the presence 
of posterior urethral values. (Courtesy of Dr. G. Irwin, Glasgow, 
UK) 


where highly reflective valve leaflets traversing the 
dilated posterior urethra are visualized.” The ultra- 
sound examination is best performed with the infant 
lying supine with the legs slightly elevated and placing 
the transducer beneath the scrotum to reveal the di- 
lated posterior urethra lying anteriorly.2” 
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Fig. 14.8 Ureterocele. Longitudinal image of the bladder, 
demonstrating a thick-walled ureterocele (short arrow) with 
dilatation of the corresponding ureter (long arrow). (Courtesy 
of Dr. G. Irwin, Glasgow, UK) 


Severe renal tract obstruction may produce renal 
dysplasia. The kidneys are highly reflective and contain 
multiple cortical cysts. Rarely due to back-pressure 
from the dilated system, does urine escape from a 
ruptured calyceal fornix, renal parenchymal tear, or 
even from a distended bladder, protecting against renal 
failure. This has been reported to occur in utero and is 
associated with the presence of contained urinomas 
and ascites.”* 


Ureteroceles 

Ureteroceles are congenital abnormalities seen in ap- 
proximately one in 500 births, occurring more com- 
monly in female infants (Fig. 14.8).7?° The distal intra- 
vesical ureter undergoes cystic dilatation and may be 
orthotopic or ectopic in location, the latter associated 
with a duplex renal system.”” Orthotopic ureteroceles 
are less common, tend to be smaller, narrower, and may 
prolapse into the urethra producing bladder outlet ob- 
struction.” The ectopic ureterocele is associated with 
hydronephrosis of the upper renal moiety of a duplex 
system, and is situated inferomedial to the bladder 
trigone near the bladder neck.”° Ultrasound reveals a 
dilated ureter from the kidney down to the bladder, 
where it ends in a round anechoic intravesicular thin- 
walled cystic structure of variable size and shape. The 
ureterocele may expand and collapse with ureteral 
contraction, appearing solid when collapsed. The ec- 
topic ureterocele may become large enough to obstruct 
the ipsilateral lower pole ureter or contralateral ureter 
and may be associated with reflux and recurrent UTIs. 


Nonobstructive Hydronephrosis 


Vesicoureteric Reflux 

Vesicoureteric reflux (VUR) occurs due to incompetence 
of the VUJ, either as a result of immaturity or maldevel- 
opment, occurring in up to 50% of children who present 
with a UTI and in 0.5% of asymptomatic patients.?’ 
Although ultrasound is not the primary diagnostic pro- 
cedure for detecting VUR, it is the first-line investiga- 
tion for assessing the renal tract. Ultrasound indicators 
of VUR are nonspecific and include ureteric and pelvi- 
calyceal dilatation, renal pelvic or ureteral wall thicken- 
ing, loss of corticomedullary differentiation, and signs 
of renal dysplasia.’ A normal ultrasound does not ex- 
clude VUR; even imaging during micturition does not 
improve the sensitivity of VUR detection. Use of micro- 
bubble ultrasound contrast agents may be helpful in 
assessing VUR.” Following catheterization of the blad- 
der and instillation of microbubble contrast, all grades 
of reflux have been detected in children with VUR, by 
observing the movement of the microbubbles in the 
ureter and pelvicalyceal system. The use of microbubble 
contrast agents in children is currently not licensed. The 
urethra is not examined during the microbubble con- 
trast study which concentrates on the upper renal 
tracts; a micturating cystogram would still have to be 
performed in boys to exclude the presence of a PUV. 
Most neonatal hydronephrosis, proved to be due to 
VUR, resolve spontaneously by approximately age five 
years.” However, it has been reported that up to 25% of 
infants with prenatal hydronephrosis and a normal 
postnatal ultrasound have VUR, which would suggest 
that a micturating cystogram needs to be performed on 
all infants with an antenatal diagnosis of hydrone- 
phrosis. 


Megaureters 

Primary megaureter is described as the ureteral equiv- 
alent of Hirschsprung disease, occurring more com- 
monly in male infants.*! The distal segment of the 
ureter does not demonstrate peristalsis, resulting in 
relative obstruction and dilatation of the more proximal 
renal tract. Ultrasound demonstrates the presence of a 
tortuous dilated hyperperistaltic ureter proximal to a 
narrowed atonic segment.*” These appearances may be 
detected on antenatal imaging with minimal or no 
associated pelvicalyceal dilatation (Fig. 14.9). 


Megacalycosis 

Megacalycosis is a rare congenital anomaly and is usu- 
ally an incidental finding on ultrasound. Features in- 
clude dilatation and an increase in the number of caly- 
ces without dilatation of the renal pelvis or ureter, or 
evidence of renal scarring. 


Urinary Tract Infections 


Urinary tract infections (UTIs) are one of the most com- 
mon clinical problems seen in the pediatric population, 
with a tendency to affect girls more often. The impor- 
tance of imaging is to identify any underlying anatom- 
ical abnormality that may predispose the child to pye- 
lonephritis, as well as to exclude renal obstruction and 
VUR. Ultimately, the long-term aim is to prevent the 
development of renal scarring with the associated com- 
plications of renal failure and hypertension.° VUR is 
reported to occur in up to 50% of children with a docu- 
mented UTI; a combination that leads to renal scar- 
ring.” Age is an important determinant, as in the older 
child with normal kidneys scarring rarely develops. 
Infants under age one year are most at risk of renal 
parenchyma damage due to VUR in the presence of 
infected urine. 


Acute Pyelonephritis 


Acute pyelonephritis is often difficult to diagnose in 
children and ultrasound is a poor technique for identi- 
fying disease; findings on ultrasound are nonspecific 
and may be normal. The affected kidney may be en- 
larged, of relatively high reflectivity, with an associated 
loss of the normal corticomedullary differentiation and 
mild hydronephrosis due either to atony of the collect- 
ing system, VUR, or PUJ obstruction.** Focal, low-reflec- 
tive areas may be seen on gray-scale imaging with color 
Doppler imaging demonstrating triangular vascular de- 
fects which resolve with antibiotic therapy (Fig. 14.10).?° 


Chronic Pyelonephritis (Reflux Nephropathy) 


In chronic pyelonephritis the kidneys are classically 
small and highly reflective, with dilatation of the col- 
lecting systems and loss of the normal corticomedullary 
differentiation (Fig. 14.11). These findings on ultrasound 
are nonspecific and may be seen in the end-stages of a 
number of renal diseases. Renal scarring is most 
marked at the renal poles, areas most often associated 
with VUR. 


Fig. 14.10 Acute focal pyelonephritis. a Focal area of mixed 
reflectivity in the upper aspect of the kidney, representing a 
focal area of pyelonephritis (between cursors). No color Dopp- 
ler flow to the focal infected area is demonstrated. (Courtesy of 
Dr. N. Sathanathan, Dartford, UK) 
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Fig. 14.9 Megaureter. A markedly dilated ureter, folded on 
itself several times (arrows) 


The Urogenital Tract in the Child 


214 


Fig. 14.11 Chronic pyelonephritis. Small, highly reflective 
kidney (between cursors) without evidence of pelvicalyceal 
dilatation 


Fig. 14.13 Xanthogranulomatous pyelonephritis. The kid- 
ney (between cursors) is replaced by a large, irregular hetero- 
geneous mass containing areas of increased reflectivity due to 
the presence of calcification (arrows). In addition pockets of 
low- reflective fluid areas are seen (short arrow), which do not 
conform to any recognized structure. (Courtesy of Dr. P. 
S. Sidhu, London, UK) 


Pyonephrosis 


In pyonephrosis the pelvicalyceal system is often di- 
lated on ultrasound, containing highly reflective debris, 
and bright echoes consistent with the presence of air 
(Fig. 14.12). 


Fungal Balls 
When a fungal ball (“mycelia clumping”) is present, 


ultrasound reveals a high-reflective mass within the 
collecting system, which does not cast an acoustic 


Fig. 14.12 Pyonephrosis. There is high-reflective debri (ar- 
row), with a fluid—-fluid level within a dilated pelvicalyceal 
system, representing a pyonephrosis. (Courtesy of Dr. J. Pilcher, 
London, UK) 


shadow, often with an associated hydronephrosis.*° 
These appearances are usually present in premature 
neonates and patients with an immune deficiency, 
where the organism responsible is normally a Candida 
species. 


Xanthogranulomatous Pyelonephritis 


Xanthogranulomatous pyelonephritis is a rare compli- 
cation of repeated renal infections and usually involves 
the entire kidney (Fig. 14.13). The kidney is replaced by 
a large irregular heterogeneous mass containing areas 
of increased reflectivity due to the presence of calcifi- 
cation.” An important differential diagnosis would 
include a renal tumor, although the presence of calcifi- 
cation makes the latter diagnosis less likely. Focal 
xanthogranulomatous pyelonephritis does not demon- 
strate any features on ultrasound to allow a distinction 
from a renal tumor or a focal abscess.?° 


Summary points: 

e PUV produces typical ultrasound findings of a thick- 
walled trabeculated bladder, bilateral hydroureter, 
and bilateral hydronephrosis 

e VUR occurs in up to 50% of children who present 


with a UTI, most cases resolving by age five 

e Infants under age one are most at risk of renal 
scarring due to reflux in the presence of a UTI 

e In reflux nephropathy scarring is most marked at the 
renal poles 


ME Cystic Renal Disease 


Cystic renal disease encompasses a large group of dis- 
orders characterized by the presence of renal parenchy- 
mal cysts. Classification of these appearances is difficult 
due to the diverse causes and are best characterized as 
genetic and nongenetic.*” 


a Genetic Disease 
Autosomal Recessive Polycystic Kidney Disease 


Clinically, presentation of autosomal recessive polycys- 
tic kidney disease (ARPKD) is markedly diverse and is 
dependant on the age of the child. Infantile polycystic 
kidney disease, when ARPKD presents in infancy, is 
characterized by the presence of small (1-2 mm) cysts 
within the renal cortex and medulla in association with 
hepatic fibrosis. Manifestations of liver disease, hepa- 
tosplenomegaly, and portal hypertension tend to occur 
later in childhood, with this form of the ARPKD referred 
to as juvenile polycystic kidney disease.*° Although 
ARPKD is associated with a poor prognosis, survivors 
into adult life have been reported.1!*” 

On ultrasound, the kidneys are enlarged and are of 
diffuse, high reflectivity, with reversal or loss of normal 
corticomedullary differentiation (Fig.14.14). Discrete 
cysts are not usually identified, although an occasional 
lucent cystic area may be seen.*"*? An irregular pattern 
of parenchymal reflectivity has been reported, with 
areas of abnormal tissue alternating with areas of nor- 
mal renal parenchyma.“* If normal cortical reflectivity 
is seen on ultrasound, this is often associated with a 
more favorable outcome.*!*? In the older child present- 
ing with liver disease, the kidneys may be normal on 
ultrasound or enlarged, containing cysts of varying size. 
Survivors into adulthood appear to have either small, 
highly reflective kidneys on ultrasound or renal appear- 
ances of autosomal dominant polycystic kidney dis- 
ease. 


Autosomal Dominant Polycystic Kidney Disease 


Diagnosis of autosomal dominant polycystic kidney dis- 
ease (ADPKD) is usually made in adulthood after the 
third decade in patients presenting with hematuria, 
hypertension, or renal failure, but there is great varia- 
tion in severity of the disease.4° However, cysts may be 
seen in childhood and in the neonate where ultrasound 
appearances resemble ARPKD.*! The kidneys are en- 
larged with multiple cysts of varying sizes occupying 
the cortex and medulla (Fig.14.15). There are usually 
associated hepatic and renal cysts, although extrarenal 
manifestations tend to be rare in children.?9 


Cystic Renal Disease 


Fig. 14.14 ARPKD. The markedly highly reflective kidney dem- 
onstrates complete loss of the normal corticomedullary differ- 
entiation as a result of the presence of multiple small cysts 


Fig. 14.15 ADPKD. Multiple cysts of variable size are seen 
throughout the kidney with no clear delineation of normal 
renal tissue 


Tuberous Sclerosis 


Tuberous sclerosis is a neurocutaneous autosomal 
dominant disorder characterized by the presence of 
multiple hamartomas, presenting clinically by late 
childhood. Renal manifestations include multiple cor- 
tical cysts, although more commonly multiple angio- 
myolipomas can be identified as small rounded areas of 
increased reflectivity (Fig. 14.16).*° 


Medullary Cystic Disease 


Ultrasound of this autosomal dominant condition is 
nonspecific. The kidneys are of diffuse, high reflectivity 
although discrete cysts may be seen late in the dis- 
ease.?9 
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Fig. 14.16 Angiomyolipoma. A focal lesion in the renal cortex 
of high reflectivity in keeping with an angiomyolipoma (arrow) 


Fig. 14.17 Multilocular cystic nephroma. A multiseptated 
mass at the upper aspect of the left kidney (arrow) in keeping 
with a multilocular cystic nephroma 


E Nongenetic Disease 
Simple Cysts 


Simple renal cysts are rare, incidental findings in the 
pediatric population. These cortical lesions are usually 
thin-walled, anechoic, and well-defined on ultrasound, 
demonstrating characteristic posterior acoustic en- 
hancement without communication with the collecting 
system. No vascular flow is present within these cysts 
or the cyst wall, although reflective material within the 
cyst may represent infection or past hemorrhage. 


Cystic Dysplasia 


Cystic dysplasia is a congenital abnormality that arises 
following abnormal metanephric development, result- 
ing in the persistence of immature renal tissue with 
subsequent poor renal function. The kidney is shrunken 
and of high reflectivity, containing small subcentimeter 
cortical cysts. These appearances may be bilateral. 
Cystic dysplasia is associated with renal duplication, 
PUVs, crossed-fused ectopia, horseshoe kidney, and 
pelvic kidneys.?? 


Multicystic Renal Dysplasia 


Multicystic renal dysplasia is the second most common 
cause of an abdominal mass in the newborn. Multicystic 
renal dysplasia occurs following failure of the ureteric 
bud to form a connection with the metanephric meso- 
derm, resulting in the arrest of development of the 
definitive fetal kidney. 

On ultrasound the kidney is replaced by anechoic 
cysts of varying sizes which characteristically do not 
communicate with each other. There is no visible renal 
cortex or central renal pelvis.*? These appearances usu- 
ally involve the entire kidney but may involve the 
upper pole of a duplex system. The contralateral kidney 
is hypertrophied and further examination of this kidney 
is important as there is a 30% incidence of associated 
VUR, PUJ obstruction, and ureteric stenosis.?? Over time 
the kidney may involute and not be identified on ultra- 
sound. However, if the multicystic renal dysplasia re- 
mains unchanged or even increases in size, this predis- 
poses the patient to hypertension and possible risk of 
malignancy, a controversial issue.*” 


Multilocular Cystic Nephroma 


This is a rare benign lesion, which is uncommon under 
age two years. The lesion appears as a multiloculated 
cyst, which is difficult to distinguish from a cystic 
Wilms tumor.***4° Ultrasound demonstrates a well-cir- 
cumscribed, multiloculated cystic mass with septations 
(Fig. 14.17). 


Acquired Cystic Renal Disease 


Cysts may be seen on ultrasound following infection, 
especially tuberculosis, and trauma, or be associated 
with a necrotic tumor. Patients with chronic renal dis- 
ease and those on dialysis are also prone to cyst devel- 
opment.'® 


Summary points: 
e Enlarged kidneys of increased reflectivity are classi- 
cally seen in a ARPKD 


e Cysts may be seen in children with ADPKD 

e Simple renal cysts are rare 

e Medullary cystic disease of the kidney may involve 
the upper pole of a duplex system 


es Renal Tumors 


Ultrasound is normally the first imaging investigation 
to assess the child who presents with an abdominal 
mass. 


E Benign Renal Tumors 
Mesoblastic Nephroma 


Mesoblastic nephroma is the most common cause of a 
renal mass seen in the neonate and may be detected on 
antenatal ultrasound imaging. Patients usually present 
with a nontender palpable mass and, on occasion, hy- 
pertension. On ultrasound a mesoblastic nephroma is a 
solid lesion of variable appearance, either homogenous 
or heterogonous, depending on the presence of necrosis 
or hemorrhage. Although a mesoblastic nephroma is 
often termed a “congenital Wilms tumor,” it has no 
malignant potential.°° 


Angiomyolipoma 


Although not common in the pediatric population, 
these hamartomas may be seen on ultrasound in those 
children with tuberous sclerosis. These small, highly 
reflective lesions are usually multiple, bilateral, and 
associated with the presence of renal cysts, with a 
tendency to develop and grow during adolescence. 


a Malignant Renal Tumors 
Wilms Tumor 


A Wilms tumor is the most common malignant renal 
tumor seen in children under age five years with a peak 
incidence at age three. There is an increased incidence 
in children with hemihypertrophy, Beckwith-Weide- 
man syndrome, nephroblastoma, horseshoe kidney, 
and sporadic aniridia, where the tumor tends to occur 
earlier in life. Typical presentation is with an asympto- 
matic abdominal mass.”! 
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Fig. 14.18 Wilms tumor. a A large heterogeneous irregular 
mass (short arrows) arises from the upper aspect of the kidney 
(arrow). b The heterogeneous mass demonstrates a variable 
amount of color Doppler signal, with displacement of the renal 
vessels (arrow) 


On ultrasound a Wilms tumor is well-defined, often 
with a heterogeneous appearance due to the presence 
of necrosis, hemorrhage, and calcification (Fig. 14.18).°? 
As the tumor increases in size, displacement of the 
surrounding retroperitoneal structures and extension 
into both the renal vein and IVC occurs. Ascites, lymph- 
adenopathy, and low-reflective liver metastases may be 
seen. The importance of assessing the contralateral 
kidney both at presentation and on follow-up is impor- 
tant as 5% of cases are bilateral. Following the initial 
ultrasound examination, further imaging includes com- 
puted tomography (CT) of the chest and abdomen and 
magnetic resonance (MR) angiography to assess vascu- 
lar involvement. 
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Fig. 14.19 Renal lymphoma. A low- reflective, solid lesion (ar- 
row) in the kidney, representing posttransplant lymphoproli- 
ferative disease (PTLD), in a pediatric patient following liver 
transplantation 


Renal Cell Carcinoma 


Renal cell carcinoma (RCC) is a rare tumor in the pedi- 
atric age group and tends to occur in an older age group 
with a peak incidence at age nine. Unfortunately, an 
RCC carries a poor prognosis. On ultrasound, the tumor 
resembles that of a Wilms tumor, although calcification 
tends to be commoner. 


Lymphoma 


Primary involvement of the kidneys with lymphoma is 
rare. On ultrasound the kidneys are enlarged and may 
either contain discrete anechoic or low-reflective 
masses or be diffusely low-reflective due to infiltra- 
tion (Fig. 14.19).°? 


Leukemia 


On ultrasound, kidneys involved with leukemia are 
symmetrically enlarged and of normal to increased 
reflectivity. There may be hydronephrosis secondary 
to retroperitoneal lymphadenopathy. 


Summary points: 

e Mesoblastic nephroma is the commonest renal mass 
seen in the neonate 
Highly reflective angiomyolipoma may be seen in 


children with tuberous sclerosis 

Wilms tumor is a well-defined, heterogeneous mass 
on ultrasound 

RCC is rare in children and carries a poor prognosis 


© Renal Trauma 


Renal injury is usually caused by blunt abdominal 
trauma, in many cases resulting from a hyperflexion 
fall or a motor vehicle accident.°* Ultrasound is not 
normally the first-line investigation but is routinely 
used to monitor resolution of the renal injuries.” 
Hematoma has a variable appearance on ultrasound 
and may appear complex, becoming low-reflective 
with resolution. Renal lacerations present either as 
low- or high-reflective defects with associated cortical 
irregularity. Ultrasound is also useful in the follow-up of 
perinephric collections, mainly hematomas and urino- 
mas, which may also be seen as a complication of renal 
biopsy, a form of iatrogenic renal injury.°° 


© Renal Calcification 
E Nephrolithiasis 


In the pediatric population renal calculi are usually seen 
following infection or in children with metabolic ab- 
normalities. Classically renal calculi are of high reflec- 
tivity and may cast an acoustic shadow depending on 
size and matrix composition. There may be associated 
hydronephrosis. 


z Nephrocalcinosis 


Nephrocalcinosis arises from the deposition of calcium 
salts within the renal parenchyma, commonly within 
the pyramids, seen on ultrasound as a highly reflective 
kidney with reversal of the normal pattern of cortico- 
medullary differentiation (Fig. 14.20). Appearances are 
more commonly bilateral, although unilateral disease 
does occur. In the neonate, nephrocalcinosis most com- 
monly occurs following treatment with the diuretic 
frusemide. Other causes of nephrocalcinosis include 
renal tubular acidosis, medullary sponge kidney, and a 
variety of metabolic disorders. There are four patterns 
of calcium deposition within the kidney (patterns A-D), 
demonstrating a general progression of severity of dis- 
ease.?” 


© Vascular Anomalies 

5] Renal Vein Thrombosis 

A renal vein thrombosis most often occurs following 
hypovolemia in the pediatric population but is also 


described as a complication of a Wilms tumor. On ultra- 
sound the kidney may be enlarged with associated loss 


of corticomedullary differentiation in the acute phase, 
although this is reversible. In chronic renal vein throm- 
bosis the kidneys are small with normal corticomedul- 
lary differentiation.” 


Ma Renal Transplant 


Ultrasound provides the clinicians with useful informa- 
tion regarding the transplant kidney in the immediate 
postoperative period, as well as in the long term; ultra- 
sound is the best method for evaluating renal morphol- 
ogy. Good-quality images are generally obtained due to 
the superficial position of the transplanted pelvic kid- 
ney. The pyramids and corticomedullary junction can 
be easily identified using a high-frequency trans- 
ducer.°° Color and spectral Doppler imaging are used 
to assess arterial and venous blood flow within the 
kidney.© 

In acute rejection, ultrasound findings are nonspe- 
cific; there is swelling of the kidney with loss of the 
normal corticomedullary differentiation and an in- 
crease in the arterial resistance index (RI) on spectral 
Doppler imaging.°! Renal biopsy remains the reference 
standard for diagnosis of rejection. Hydronephrosis of 
the transplant kidney may be present, which may fol- 
low either from edema at the site of anastomosis of the 
ureter to the bladder or following vascular ischemia 
with stricture formation. VUR is a common conse- 
quence following transplantation and a further cause 
for dilatation of the collecting system. 

Fluid collections are commonly seen on ultrasound 
following renal transplantation. Lymphoceles are the 
most common and tend to resolve spontaneously. Uri- 
nomas are associated with an anastomotic leak and 
tend to present as a clear perinephric collection. Large 
collections may produce extrinsic ureteric compression 
with consequent hydronephrosis. Ultrasound may be 
used to guide aspiration or drain placement within 
these collections.®* Vascular complications such as re- 
nal artery thrombosis, stenosis, or pseudoaneurysm 
may be visualized with color and spectral Doppler ul- 
trasound (Fig. 14.21). 


Fig. 14.21 Renal transplant pseudoaneurysm. a A low-re- 
flective area adjacent to the hilum of the transplant kidney 
(arrow) with high- reflective hematoma in the posterior aspect. 
b Color Doppler ultrasound confirms the arterial vascular na- 
ture of the lesion; a transplant renal artery pseudoaneurysm, 
demonstrating the “yin-yang” sign (arrow) 
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Fig. 14.20 Nephrocalcinosis. A “Type C” pattern of nephro- 
calcinosis, with the renal pyramids full of calcium deposits, 
giving the appearance of reversal of the normal corticomedul- 
lary differentiation 
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Summary points: 

e Ultrasound is useful in the follow-up of perinephric 
collections following blunt abdominal trauma 
Nephrocalcinosis is commonly a bilateral disease 
with four patterns of calcium deposition 
Changes seen on ultrasound in acute renal vein 
thrombosis are reversible 
Ultrasound findings of acute rejection are nonspe- 
cific 


Reflux is a common complication following trans- 
plantation 


Abnormalities of the Bladder and 
Distal Urinary Tract 


Bladder Exstrophy 


In bladder exstrophy, which occurs more commonly in 
boys, the bladder is located outside the abdomen due 
to abnormal development of the anterior abdominal 
wall and anterior wall of the bladder.” The upper 


renal tracts are normal and urine flows directly from 
the bladder out onto the anterior abdominal wall. 
Other associated urological abnormalities include an 
incomplete external urethral sphincter and a hypospa- 
dias. 


Urachal Anomalies 


There are four different urachal anomalies that arise 
due to the persistence of the embryonic connection 
between the bladder and umbilicus, which should nor- 
mally close at birth.°? The most obvious is the patent 
urachus, with urine discharging from the umbilicus. 
The other types of urachal anomaly may only be de- 
tected in later life.” The most common abnormality is 
the urachal diverticulum, which arises in an anterior 
position from the bladder apex and may be associated 
with prune belly syndrome or a PUV. The urachal cyst is 
a blind-ending pouch which lies in a suprapubic loca- 
tion and does not communicate with the bladder or 
umbilicus. On ultrasound this abnormality is of low 
reflectivity but may become infected or contain hem- 
orrhage following trauma. The urachal sinus extends 
distally from the umbilicus (Fig. 14.22). 


Fig. 14.22 Persistent urachus. a A small urachal remnant di- 
verticulum (arrow) is present at the upper aspect of the blad- 
der. b A persistent urachal sinus (between cursors) is present at 
the upper aspect of the bladder. c A persistent urachal cyst 
remnant (arrow) is present at the upper aspect of the bladder 


a Bladder Diverticula 


Bladder diverticula are common and are often an in- 
cidental finding on ultrasound, presenting as anechoic 
fluid-filled structures projecting from the bladder wall. 
Bladder diverticula may be associated with infection, 
stone formation, VUR, and bladder outlet obstruction.?° 
A diverticulum at the VUJ, the "Hutch diverticulum,” is 
associated with ipsilateral VUR in approximately 50% of 
cases.°4 


E Prune Belly Syndrome (Eagle-Barrett 
Syndrome) 


Prune belly syndrome (or abdominal muscle deficiency 
syndrome) is seen predominantly in boys and presents 
with a triad of hypoplastic abdominal muscles, cryp- 
torchidism, and abnormalities of the urinary tract (di- 
lated tortuous ureters, large bladder, patent urachus, 
dilated prostatic urethra). There is a spectrum of uri- 
nary tract abnormalities with the most severely af- 
fected patients presenting with renal dysplasia, gross 
dilatation of the collecting systems, and hydroureter.® 


E Infection 


Ultrasound may reveal uniform or focal bladder-wall 
thickening. Debris and calculi may also be seen. 


E Bladder Tumors 


Bladder tumors are rare; rhabdomyosarcoma is the 
most common bladder tumor in the pediatric group. 
Rhabdomyosarcoma is the most common malignant 
sarcoma in children presenting in the first three years 
of life, more commonly in boys. On ultrasound, the 
mass is homogenous and multilobulated, resembling a 
bunch of grapes. There may be associated hydrone- 
phrosis due to bladder-wall thickening at the VUJ or 
bladder outlet obstruction.”° Other bladder tumors in- 
clude transitional cell carcinoma (TCC), neurofibroma, 
pheochromocytoma, and the cavernous hemangioma. 


E Neuropathic Bladder 


A neuropathic bladder may be congenital, associated 
with sacral agenesis, the presence of a myelomeningo- 
cele, or secondary to trauma, spinal cord tumors, or 
cerebral palsy. Ultrasound appearances are variable 
and may be subtle and nonspecific. The bladder may 
be thick-walled, trabeculated (muscle fibers give an 
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Fig. 14.23 Thickened bladder wall. The bladder wall is thick- 
ened in a patient with a neuropathic bladder (between arrows) 


irregular outline to the inner bladder wall), with a large 
postmicturition volume and dilatation of the upper 
renal tracts (Fig. 14.23). 


m Bladder Trauma 


In children the bladder lies predominantly within the 
abdomen and is vulnerable to injury.°° Extraperitoneal 
rupture of the bladder occurs at the bladder neck and is 
associated with pelvic fractures. Extraperitoneal rup- 
ture is more common than intraperitoneal rupture 
and usually follows blunt abdominal trauma in the 
presence of a distended bladder.” Ultrasound is not 
routinely used to assess the injured child but may re- 
veal free fluid within the pelvis and abdomen, occa- 
sionally demonstrating a defect within the bladder 
wall. The bladder is best assessed with CT cystography. 
Urethral injuries tend to occur in boys and are less 
common than bladder injuries. Ultrasound has no role 
in assessing urethral trauma. 


Summary points: 

e In bladder exstrophy the upper renal tracts are nor- 
mal 

e The most common urachal anomaly is the urachal 


diverticulum 

e Bladder diverticula are common 

e The most severely affected patients with prune belly 
syndrome present with renal dysplasia, gross dila- 
tation of the collecting systems, and hydrourethra 
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es Adrenal Glands 
| Anatomy 


The normal adrenal gland has a characteristic V- or Y- 
shape. In the neonate the gland has a low-reflective 
cortex and a central high-reflective medulla (Fig. 
14.24). This appearance gradually changes and by age 
one year the adrenal glands resemble those of the adult, 
with loss of differentiation between the cortex and 
medulla. 


E Congenital Anomalies 


Adrenal gland anomalies are rare and usually associ- 
ated with renal anomalies. 


Congenital Adrenal Hyperplasia 


Congenital adrenal hyperplasia is an autosomal reces- 
sive disorder that manifests in newborns with ambig- 
uous genitalia or virilism in newborn girls. Ultrasound 
reveals an enlarged adrenal gland which has an irreg- 
ular surface, the “cerebriform” pattern.®” 


Adrenal Agenesis 


Adrenal agenesis is a rare finding associated with agen- 
esis of the ipsilateral kidney and occurs early during 
fetal development. 


Adrenal Hypoplasia 


Adrenal hypoplasia occurs in anencephalic infants and 
may be associated with hypoplasia of the thyroid gland 
and gonads.®° 


Adrenal Ectopia 


In adrenal ectopia, the adrenal gland lies in its normal 
suprarenal position but lies beneath the capsule of the 
kidney or liver.°8 


Adrenal Fusion 


Adrenal fusion results in the horseshoe (circumrenal) 
adrenal gland which is produced when the limbs of the 
two glands fuse. Adrenal fusion may be associated with 
a horseshoe kidney or other congenital renal anomalies. 
A circular adrenal gland is formed when the two wings 
fuse completely.®® 


Fig. 14.24 Normal adrenal gland. The normal Y- shaped adre- 
nal gland; the high-reflective central area (long arrow), repre- 
sents the adrenal medulla, and a low-reflective peripheral area 
represents the adrenal cortex (short arrow) 


SS ae 
Fig. 14.25 Adrenal hemorrhage. A mixed-reflective area of 
hemorrhage into the left adrenal gland (arrow) 


= Adrenal Hemorrhage 


Adrenal hemorrhage occurs in approximately two in 
1000 births and is the most common cause of an adre- 
nal mass in the neonate. Hemorrhage is associated 
with birth trauma, septicemia, and hypoxia and is often 
right-sided. In the older child it may be seen following 
trauma and meningitis. On ultrasound, adrenal hemor- 
rhage may be of low reflectivity or present as a high- 
reflective mass, depending on the age of the hemor- 
rhage (Fig. 14.25). The mass decreases in size and re- 
flectivity over time, becoming cystic and may eventu- 
ally calcify.”° 


E Adrenal Cysts 


The adrenal cyst is usually seen on antenatal imaging 
and is typically well-defined and anechoic. These cysts 
may be seen in Beckwith-Wiedemann syndrome and 
hemihypertrophy. 


E Adrenal Tumors 
Neuroblastoma 


A neuroblastoma is a malignant tumor of neural crest 
cells that arises primarily in the adrenal gland and is the 
most common adrenal tumor in children, usually occur- 
ring in children under age four years.” Spread is early 
and wide; most children will have metastases at pre- 
sentation. On ultrasound, a neuroblastoma is a solid, 
poorly defined, heterogeneous mass with foci of calci- 
fication (Fig. 14.26). Characteristically a neuroblastoma 
encases as well as displaces vessels and adjacent retro- 
peritoneal structures. The kidney may be displaced in- 
feriorly and the aorta and IVC anteriorly.’* Lymph node 
spread of tumor is usually present but difficult to visu- 
alize on ultrasound. Imaging of the liver may reveal 
metastases. Staging of the disease requires further 
imaging with CT or MR. 


Pheochromocytoma 


A pheochromocytoma is a rare tumor usually associ- 
ated with neurocutaneous syndromes and is normally 
diagnosed on biochemical investigations. The tumor is 
normally well-defined on ultrasound with a highly re- 
flective texture. 


Summary points: 

e In congenital adrenal hyperplasia the enlarged 
adrenal gland has an irregular surface on the ultra- 
sound 


e Adrenal hemorrhage may be of reduced or increased 
reflectivity 

e Neuroblastoma characteristically encases vessels 
and adjacent retroperitoneal structures 
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Fig. 14.26 Neuroblastoma. A transverse image of the upper 
abdomen, demonstrating a large, poorly defined heterogene- 
ous mass (short arrows), a neuroblastoma, lying anterior to the 
confluence of the portal vein and splenic vein (arrow) 


Ma Testis 
E Congenital Anomalies 
Cryptorchidism 


During the seventh month of intrauterine life, the testes 
normally descend through the inguinal canal into the 
scrotal sac. Failure of this process is a common problem 
in male infants, which manifests as a unilateral or bi- 
lateral empty scrotum.” The ectopic testis may lie any- 
where along the line of the ureter or vas deferens, and 
in 10% of cases both testes are affected (Fig. 14.27). 
Complications that arise following this abnormality of 
migration include testicular atrophy, infertility, and an 
increased incidence of malignant change. Ultrasound 
may be used to search for the ectopic testis, particularly 
so for locating the testis lying at or near the inguinal 
canal but less successful in locating an intra-abdominal 
testis.” MR imaging should be used for localizing intra- 
abdominal testis.” The kidneys should also routinely 
be imaged to assess for associated urological anomalies. 


Congenital Torsion 


Prenatal torsion of the testis is rare and not considered 
a surgical emergency. On ultrasound, the affected testis 
may be small and highly reflective or enlarged and of 
low reflectivity, containing multiple cystic spaces.” 
There may be an associated simple anechoic or com- 
plex, mixed-reflective hydrocele. An inguinal hernia is 
invariably present. Increased blood flow is seen within 
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Fig. 14.27 Inguinal testis. A midlevel-echo undescended tes- 
tis (between cursors) lying in the left inguinal canal 


Fig. 14.28 Hydrocele. The right testis is outlined by anechoic 
fluid (arrow), representing a hydrocele 


Fig. 14.29 Testicular microlithiasis. Bilateral testicular micro- 
lithiasis seen as foci of high reflectivity without the presence of 
acoustic shadowing 


the periphery of the scrotum, with no flow demon- 
strated in the testis on color Doppler ultrasound. 


Cystic Dysplasia 


Cystic dysplasia is a rare congenital anomaly. Multiple 
irregular anechoic cystic spaces can be seen along the 
mediastinum testis on ultrasound.’*”” As with most 
congenital testicular disorders, the renal tracts must 
be examined. Cystic dysplasia is associated with ipsi- 
lateral renal agenesis, renal duplication, and multicystic 
dysplastic kidney.”? 


Hydrocele 


This is the most common cause of a scrotal mass in an 
infant; it may be either congenital or acquired, and 
unilateral or bilateral (Fig. 14.28). At closure of the pro- 
cessus vaginalis, a variable amount of fluid may be 
trapped within the tunica vaginalis forming a stable 
hydrocele. If there is a persistent patent processus vag- 
inalis, the hydrocele may vary in size. Surgery is re- 
quired to close the patent processus vaginalis, whereas 
the stable hydrocele usually reabsorbs. Acquired hydro- 
cele are often secondary to inflammation, trauma, tor- 
sion, or tumor. The testis is surrounded by fluid, which 
if multiloculated suggests inflammatory change. In rare 
cases, a painful hydrocele may be the presenting symp- 
tom of appendicitis if there is a persistent patent pro- 
cessus vaginalis.’8 


Testicular Microlithiasis 


Testicular microlithiasis is asymptomatic and is an in- 
cidental finding on ultrasound (Fig.14.29). There is an 
association of testicular microlithiasis with primary 
malignancy of the testis, and ultrasound surveillance 
has been suggested.”? 


Ea] Scrotal Inflammation 


Ultrasound of the scrotal sac and its contents can be 
extremely difficult in the child presenting with inflam- 
matory disease. The asymptomatic side should be ex- 
amined first to obtain the child’s confidence and a base- 
line image for comparison with the affected side. 


Epididymitis 

Inflammation of the epididymis is primarily the conse- 
quence of infection, but may also arise following 
trauma or reactive to torsion of the testis or one of 
the testicular appendages.®° The epididymis is enlarged 
and of high reflectivity on ultrasound (Fig. 14.30). Epi- 
didymo-orchitis following bacterial infection in sexu- 
ally active boys, if florid and untreated, may be compli- 
cated by abscess formation and testicular infarction. 
Renal anomalies such as a duplex collecting system 
with insertion of the ectopic ureter into the vas defer- 
ens or seminal vesicles must be excluded.!° 


| Testicular Torsion 
Testicular torsion occurs most commonly in infants and 


adolescents. The testis rotates like a “bell-clapper” due 
to a narrow mesenteric attachment extending from the 


Fig. 14.30 Acute epididymitis. a On the B-mode ultrasound 
image the epididymis (arrow) is thickened with prominence of 
the epididymal head. b On the color Doppler ultrasound image 


spermatic cord to the testis and epididymis.*! An esti- 
mated 30% of boys who present with acute scrotal pain 
will have testicular torsion as a cause for the symptoms 
and need surgical intervention. However, most pedi- 
atric urologists would prefer to explore an acute scro- 
tum early rather than rely on imaging to differentiate 
between testicular torsion and other causes of acute 
scrotal inflammation.®? Ultrasound appearances are 
variable depending on the duration of symptoms. In 
the early phase, < 24 hours, the epididymis and testis 
are enlarged and blood flow within the affected testicle 
may be absent or reduced. After 24 hours, no blood flow 
is seen on color Doppler ultrasound and the testis be- 
comes of high reflectivity and heterogeneous due to 
hemorrhage and infarction. 

In the pediatric population the ultrasound diagnosis 
of testicular torsion is even more problematic than in 
the adult patient.8? There is often asymmetry in the 
blood flow through the small testes normally and com- 
parison with the unaffected side may not help.* Inter- 
mittent torsion and incomplete torsion may produce 
normal, increased, or decreased blood flow on Doppler 
ultrasound (Fig. 14.31). Ultrasound is not, therefore, al- 
ways reliable in diagnosing testicular torsion and care 
must be taken in dismissing the diagnosis in the child 
who presents with an acutely painful scrotum and has a 
normal ultrasound.®! 


a Torsion of the Testicular Appendix 


The appendix testis lies at the upper pole of the testis in 
the groove between the testis and head of the epididy- 
mis and is best seen in the presence of a hydrocele 
(Fig. 14.32). The appendix measures between 1 and 
7mm in length and is of similar reflectivity to the 
epididymal head. Torsion of the testicular appendix 
is more common than testicular torsion, occurring in 
boys between ages three and 13.°° In torsion of the 
appendix, ultrasound of the testis is normal, with 
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there is increased color signal present in the epididymal (arrow) 
in keeping with acute epididymitis. (Courtesy of Dr. P.S. Sidhu, 
London, UK) 


Fig. 14.31 Spontaneous testicular detorsion. There is 
marked increase in color Doppler flow to the left testis (arrow) 
in comparison to the flow in the right. These appearances are 
associated with spontaneous testicular detorsion and may be 
misinterpreted as excluding torsion as the cause of testicular 
pain. (Courtesy of Dr. P.S. Sidhu, London, UK) 


Fig. 14.32 Torsion of an appendix testis. A high-reflective 
appendix testis (arrow) surrounded by fluid: Torsion of the 
appendix testis 
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Fig. 14.33 Testicular tumor. a A focal testicular lesion (ar- 
rows) in the lower aspect of the testis with an area of low 
reflectivity (short arrow), representing a yolk sac tumor. b Color 
Doppler ultrasound image of the yolk sac tumor demonstrat- 
ing intralesional color signal (arrow). (Courtesy of Dr. P. 
S. Sidhu, London, UK) 


low-resistance arterial blood flow on Doppler ultra- 
sound. Often there is an inflammatory reaction in the 
epididymis, which is enlarged and hyperemic.®® The 
appendix itself tends to be of higher reflectivity, 
although 30% are of reduced reflectivity. 


a Testicular Trauma 


Following a direct blow to the testis, ultrasound may 
reveal a high-reflective or a low-reflective intratesticu- 
lar hematoma often associated with a complex hetero- 
geneous hematocele.®” 


il Testicular Tumors 
Germ Cell Tumors 


Germ cell tumors, divided into seminomatous and non- 
seminomatous, are the commonest primary testicular 
tumors. Seminomatous tumors are rare in children, 
whereas 80% of nonseminomatous tumors present in 
children under age two years.°® Most of these nonse- 
minomatous are malignant and present as a painless 
mass.®° A yolk sac tumor (infantile embryonal carci- 
noma) produces alpha-fetoprotein (AFP) exclusively. 
On ultrasound, the testis may be enlarged or the tumor 
may appear as a focal low- or high-reflective mass 
(Fig. 14.33). Focal or diffuse areas of increased vascular- 
ity may also be seen.” 


Stromal Tumors 


Leydig cell tumors are the most common stromal tu- 
mor. The peak age for presentation is four years and 
these children tend to present with precocious puberty. 
Sertoli cell tumors usually present around 18 months 
and tend to be benign. 


Rhabdomyosarcoma 


A rhabdomyosarcoma is a malignant tumor which may 
involve the spermatic cord, epididymis, or testis. 


Lymphoma and Leukemia 


Less than 10% of testicular tumors are metastatic de- 
posits, most commonly from lymphoma or leukemia. 
The testes are enlarged, although imaging is usually 
nonspecific. 


Summary points: 

e Ultrasound is not successful in locating the intra- 
abdominal testis 
Hydrocele is the commonest cause of a scrotal mass 
in the infant 


Ultrasound diagnosis of testicular torsion is difficult 
in the pediatric population 

Torsion of the testicular appendix is more common 
than testicular torsion 

Germ cell tumors may present at ultrasound with a 
focal mass or a diffusely enlarged testis 
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S. D. Heenan, U. Patel 


= Introduction 


Ultrasound has an important role in the investigation of 
the urinary tract. However, other imaging modalities 
are needed when ultrasound is not conclusive. The aim 
of the present chapter is to summarize and discuss 
these other imaging modalities in the context of diag- 
nostic pathways for certain diseases, particularly in a 
complimentary role to ultrasound. 


a Plain Abdominal Radiograph 


Prior to the introduction of ultrasound, the plain ab- 
dominal radiograph followed by an intravenous or ex- 
cretory urogram (IVU) was the mainstay of urinary tract 
imaging, staples which still maintain an important role 
in current clinical practice. The plain radiograph will 
demonstrate the presence or absence of calcification or 
calculi related to the urogenital tract. It is important to 
ensure the entire urogenital tract is imaged adequately 
from the upper poles of the kidneys to the bladder base. 
Additional views may be necessary; oblique views or 
tomography may improve visualization of the upper 
tracts if bowel gas or feces obscure the relevant areas. 
Radiographs in both inspiration and expiration will 
determine whether calcification is intrarenal or extra- 
renal. On plain radiographs, it is often possible to de- 
termine the renal contour and the outline of the normal 
psoas muscle due to the differential density of kidney 
and adjacent perinephric fat. Despite this, renal outlines 
are better demonstrated following administration of 
intravenous contrast at IVU or, ideally, with ultrasound. 
Absence of the psoas muscle outline may suggest retro- 
peritoneal disease, but the psoas muscle outline is not 
present in up to 25% of “normal” radiographic exami- 
nations. The lower ribs, lumbar spine, and pelvis should 
be scrutinized for congenital vertebral anomalies, such 
as spina bifida in children and destructive lesions in 
adults that might indicate metastatic disease. 


E Intravenous Urogram 


Excretory urography was first introduced into radio- 
logical practice in the mid-1900s and the technique 
has changed little over the intervening years. Although 
an IVU remains an important source of information 
regarding the upper tract anatomy including the ure- 
ters and gives some indication of renal function, an IVU 
rarely stands alone. Increasingly, bowel preparation 
(administration of laxatives) is not required, although 
the patient should be well-hydrated, particularly if 
there is a history of renal impairment, diabetes mellitus, 
or multiple myeloma. An IVU is contraindicated in the 
presence of iodine allergy, previous allergic reaction, 
and care needs to be taken in those with severe asthma. 

Following a control radiograph, a nonionic, low-os- 
molar contrast medium is injected as an intravenous 
bolus. A standard radiographic sequence is detailed in 
Table 15.1. However, this will be subject to local guide- 
lines and the clinical indication for the study (Table 15.2). 
Oblique, prone, and delayed images may all be helpful 
in maximizing the information obtained from the study. 

The early images will allow for assessment of renal 
size, shape, contour, and position, as well as perfusion. 


Table 15.1 Standard radiographic sequence for excretory 
urography 

Immediate coned renal area + tomography 

Coned renal area 5 mins after contrast injection 


Abdominal compression (if no obstruction/recent surgery/aortic 
aneurysm) 


Coned renal area 10 mins after contrast injection 
Full-length release at 15 mins to include kidneys/ureters/bladder 


Full-length or coned after micturition 


Table 15.2 Indications for excretory urography 
Calculus disease 
Obstruction 
Mucosal lesions in the investigation of hematuria 
Developmental anomalies 
Papillary necrosis 
Medullary sponge kidney 


Tuberculosis 
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Fig. 15.1 An intravenous urography image of the right kidney, 
demonstrating the fine linear tracks (arrows) of early papillary 
necrosis in an otherwise normal pelvicalyceal system. These 
appearances would not be seen with ultrasound 


Later radiographs will demonstrate the morphology of 
the papillae and calyces and also indicate the degree of 
renal excretion. These images should be interpreted in 
the context of the pattern of normal variants, which 
include complex and unusually large or small calyces, 
papillary blushes, and vascular impressions. Develop- 
mental anomalies, such as a horseshoe, duplex, or pelvic 
kidney should be readily demonstrated. A dilated pelvi- 
calyceal system as a result of obstruction secondary to 
calculi, tumor, or bladder outflow obstruction is well- 
documented. However, one of the most important in- 
dications for an IVU is the investigation of hematuria 
and medical renal disease; an IVU is the only noninva- 
sive imaging modality that can demonstrate calyceal 
and ureteric abnormalities with high resolution. Abnor- 
malities including papillary necrosis (Fig. 15.1), medul- 
lary sponge kidney, renal tuberculosis, and small transi- 


tional cell carcinomas may only be seen at IVU. 


A Micturating Cystourethrography and Other 
Contrast Studies 


The micturating cystourethrogram (MCU) is an invasive 
examination requiring direct catheterization of the uri- 
nary bladder, primarily utilized for the investigation of 
pediatric urinary tract infections (UTIs) and reflux 
nephropathy. Using an aseptic technique and following 
catheterization, dilute water-soluble iodinated contrast 
medium is instilled into the bladder to full capacity. 
Once the patient is in the erect position, the catheter 
is removed and the patient empties their bladder whilst 
concurrent fluoroscopic imaging documents any vesi- 
coureteric reflux (VUR). Oblique films are necessary to 
show the posterior urethra, which is important in boys 
to demonstrate the presence of posterior urethral 
valves. 

The principal method for imaging of the male ure- 
thra is contrast urethrography, either descending, as 
above, or ascending. Once fully distended with contrast 
medium, oblique images will show the full length of 
urethra from fossa naviculare to sphincter. The urethra 
can then be assessed for strictures and mucosal lesions, 
the commonest abnormalities. Following pelvic trauma, 
contrast urethrography may be combined with a cysto- 
gram and descending examination to demonstrate the 
integrity of the entire urethra (Fig.15.2). There is no 
ideal method for imaging the female urethra, and ultra- 
sound (either transvaginal or a transrectal approach), 
MCU, and magnetic resonance (MR) imaging may be 
useful (Fig. 15.3). 

Retrograde contrast examination of the ureters after 
direct catherization, usually under a general anaes- 
thetic, may be the only method of demonstrating small 
mucosal abnormalities if the IVU is inconclusive. Sim- 
ilarly, with ileal conduits it is often difficult to demon- 
strate the site of ureteric anastomosis at IVU, and direct 
introduction of contrast medium into the ileal loop, a 
“loopogram,” with reflux into ureters may delineate 
this region. 


Bi Computed Tomography 


The combination of ultrasound and an IVU may resolve 
many of the clinical conundrums arising in renal and 
urological medicine. However, cross-sectional imaging 
in the form of computed tomography (CT) and MR 
imaging are vital complementary diagnostic tools. 
Newer and constantly evolving technology has led to 
an increase in the use of CT and MR imaging. For exam- 
ple, unenhanced helical CT has largely replaced an IVU 
for evaluation of presumed calculi-induced renal colic. 
Table 15.3 lists important applications for the use of CT 
imaging. 


Introduction 235 


Fig. 15.3 Urethral diverticulum on sagittal T2-weighted MR 
image (arrow) 


Fig. 15.2 a Cystography combined with an ascending urethro- 
gram following a “closed-book” fracture, demonstrating an 
obstructed proximal urethra (arrows). b Axial T2-weighted 
MR image, demonstrating compression of proximal urethra 
(long arrow) by overriding pubic rami (short arrows). c Sagittal 
T2-weighted MR image, demonstrating compression of prox- 
imal urethra (long arrow) by overriding pubic rami (short 
arrows). The prostate is not involved (arrowhead) 


Table 15.3 Main indications for CT imaging 


Characterization of renal cysts/masses when ultrasound is equiv- 
ocal 
Staging of malignant disease (renal, bladder, prostate, testicular) 


Assessment of renal calculi (particularly with acute colic) 
Renal trauma 
Evaluation of the retroperitoneum 


CT angiography 
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Fig. 15.4 a Squamous cell carcinoma of distal urethra compli- 
cated by abscess formation (arrow) in the corpus cavernosum 
on postgadolinium contrast T1-weighted MR image in the 
sagittal plane. b Postgadolinium contrast T1-weighted MR 
image in the axial plane, demonstrating the abscess (arrow) 
complicating a squamous cell carcinoma 


The CT machine comprises multiple x-ray tubes 
aligned with opposing x-ray detectors, which are ar- 
ranged in a ring within a gantry. As the patient passes 
through the scanner, x-ray photons pass through the 
patient with varying degrees of ease, are then detected 
and reconstructed to build up an image of differing 
tissue densities. “Slip-ring” technology and the subse- 
quent arrival of helical then multislice CT scanners in 
the late 1990s has meant that the abdomen and pelvis 
can now be rapidly imaged in a single breath-hold, 
reducing artifact and allowing for fine collimation. In 
conjunction with advances in software, the resulting 
images can be reconstructed in multiple planes or as 
three-dimensional reconstructions. Enthusiasm for the 
new possibilities that these changes have brought to CT 
imaging must be tempered by the knowledge that there 


is an increase in radiation burden and large contrast 
load to the kidneys in enhanced studies; this is not to be 
dismissed lightly. 


Eil Magnetic Resonance Imaging 


MR imaging relies on the spinning hydrogen ions (or 
protons) present in body water to obtain cross-sec- 
tional images. These ions have a positive charge and 
when placed in a very strong magnetic field align them- 
selves along the axis of the field. By applying radio 
waves, the protons alter the way they spin and gain 
energy. When the radio waves are stopped, energy is 
released as the protons “relax” back to their original 
state. The energy can then be converted to produce a 
representative image as different tissues relax at differ- 
ent rates. MR imaging is not suitable for everyone, 
particularly the claustrophobic patient, although new 
“open” magnets may partially solve this problem. Con- 
traindications include cardiac pacemakers, intracranial 
aneurysm clips, and intraorbital metal fragments. 

Previously relatively long imaging times proved 
problematic in MR examinations. However, rapid 
changes in MR imaging technology allows for faster 
imaging with less movement artifact, improved image 
quality, and image resolution (Fig.15.4). Breath-hold 
imaging techniques allow for the performance of gado- 
linium-enhanced MR angiography and venography; 
this is of particular use in the investigation of renal 
artery stenosis (RAS) and for evaluation of venous in- 
volvement of renal tumors. Although CT is able to show 
renal calculi more accurately, MR urography using rap- 
idly acquired heavily T2-weighted coronal images can 
demonstrate dilated pelvicalyceal systems and ureters 
down to the level of obstruction (Fig. 15.5). Advantages 
of MR imaging include both the lack of ionizing radia- 
tion and use of non-nephrotoxic contrast media; this is 
of particular advantage in pregnancy and renal failure. 
Clinical indications for MR imaging have been increas- 
ing over the past decade and MR imaging is now the 
standard imaging modality in staging pelvic cancers, 
including prostate carcinoma (Table 15.4). Whilst func- 
tional MR imaging has been accepted for routine use in 
neurological disorders, it has not yet been fully ex- 
plored in nephrourological disease, but has the capacity 
to challenge nuclear medicine techniques. 


z Radionuclide Imaging 


While the previously described imaging methods con- 
tribute primarily anatomical and structural informa- 
tion, radionuclide imaging provides complementary 
functional and quantitative data. The imaging agents 


are radiopharmaceuticals, which comprise a radionu- 
clide combined with a biological molecule. These radio- 
pharmaceuticals are administered, usually intrave- 
nously, to target a specific organ or system. The radio- 
nuclide component emits gamma rays, which are de- 
tected using a gamma camera. Anatomical resolution is 
poor, but unique physiological data is obtained. Table 
15.5 summarizes some of the commonly used radio- 
nuclides and the indications for their use. 


Glomerular Filtration Rate 


Glomerular filtration rate (GFR) is ideally measured 
using an agent that is not protein bound, is completely 
filtered by the glomerulus, undergoes no resorption or 
secretion, and is only excreted by the kidneys; in clin- 
ical practice °'Cr-ethylene diamine tetraacetic acid 
(°'Cr-EDTA) is the most convenient radiopharmaceuti- 
cal to fit these properties. To calculate the GFR, a plasma 
clearance method is used, which is defined as the no- 
tional volume of plasma cleared of *!Cr-EDTA in a given 
time. A single injection method is used with varying 
timing of subsequent blood samples, from one to sev- 
eral taken three to five hours after injection but up to 24 
hours if the GFR is expected to be < 15 mL/min. 


Static Renal Imaging 


The commonest indication for a °°™Tc-dimercaptosuc- 
cinic acid (°°™Tc-DMSA) examination is to assess the 
kidneys for scarring, usually associated with reflux 
nephropathy in children, and to provide an accurate 
measure of divided renal function. While roughly 15% 
of the static renal imaging agent is excreted in the urine, 
the majority of °°™Tc-DMSA is fixed in the proximal 
tubules of functioning renal parenchyma. Images are 
acquired two to three hours following intravenous in- 
jection, maximizing the best target-to-background ra- 
tio, although delayed views may be necessary with 
reduced renal function. Anterior, posterior, and poste- 
rior-oblique views are routinely acquired, whilst pelvic 
views should be obtained if there is any possibility of an 
ectopic kidney. Focal cortical defects usually indicate 
the presence of renal scarring (Fig. 15.6). Divided renal 
function is calculated by measuring the number of 
“counts” within regions of interest (ROI) drawn around 
the kidneys on both anterior and posterior views to 
provide a geometric mean that is independent of renal 
depth. 


Dynamic Renal Imaging 


Both °%™Tc-diethylene triamine pentaacetic acid 
(°°™Tc-DTPA) and °9™Tc-mercaptoacetyltriglycine 
(°°™Tc-MAG3) can be used to perform dynamic isotope 
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Fig. 15.5 A heavily T2-weighted coronal MR image, dem- 
onstrating a dilated renal pelvis and ureter to the level of 
an obstructing transitional cell carcinoma (TCC) of the dis- 
tal ureter in a nonfunctioning left kidney (open arrow). A 
ureteric stent (solid arrow) is present in the left ureter 


Table 15.4 Indications for MR imaging 


Staging of pelvic cancers 
Characterization of renal masses when CT and ultrasound are 
equivocal 


MR urography 

MR angiography 

Long-term follow-up of renal masses in von Hippel-Lindau and 
tuberous sclerosis 


Detection of undescended testes 


Urethral diverticulum 


Table 15.5 Radionuclide techniques in the urogenital tract 


Total renal function GFR using °'Cr-EDTA 


Divided renal and intrarenal Static °°™Tc-DMSA scan 
distribution of function 
Dynamic °?™Tc-DTPA or 


°9™Tc-MAG3 scan + frusemide 


Perfusion, transit time, and 
outflow kinetics 

Dynamic °°™Tc-DTPA or 
°9mTc--MAG3 scan before and 
after captopril 

VUR Dynamic °°Tc-DTPA or 


°°™Tc-MAG3 scan followed by 
indirect cystography or °°™Tc- 
pertechnetate direct cystogram 


Renovascular hypertension 


Bone imaging, e.g. for bone °°™Tc-methylene diphospho- 
metastases nate 
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Fig. 15.6 A °°TTeDMSA examination demonstrating a small, 
scarred right kidney and normal left kidney 


renography. Whilst °°™Tc-DTPA is solely filtered by the 
kidney, °?™Tc-MAG3 has a more complex interaction 
but is predominantly excreted by tubular secretion. 
°9mTc-MAG3 may also be excreted by the hepatobiliary 
system in renal failure, with advantages over °°™Tc- 
DTPA due to a lower radiation dose and better images 
both in children and in renal failure. 

The appropriate radioisotope is injected as an intra- 
venous bolus and posterior images are acquired dy- 
namically over 20-40 minutes (anterior images are 
obtained in renal transplant patients). An ROI is drawn 
around the renal outlines and after background correc- 
tion, a time-activity curve or renogram is generated 
with “counts” in the ROI plotted against time. The reno- 
gram is divided into three phases: The first two to three 
minutes represent the vascular phase, followed by the 
secretory and excretory phases. By examining the dif- 
ferent components of the curves, a picture of renal 
perfusion, excretion, and drainage may be obtained. 

As renal uptake or function is proportional to renal 
blood flow, divided renal function may also be calcu- 
lated by assessing the relative heights or rate of rise of 
the curves in the first two to three minutes before any 
radioisotope has left the kidneys. Individual relative 
function is expressed as a percentage. 


Diuresis Renography 

Urinary flow rate can influence the appearance of the 
renogram. If the kidney demonstrates pelvicalyceal di- 
latation, it may be necessary to challenge the kidney 
with significantly raised flow rates by administering a 
diuretic, such as frusemide (furosemide). The diuresis 
will promote washout of tracer in a nonobstructed 


system depicted by a fall in the time-activity curve. If 
the pelvicalyceal system is truly obstructed, diuresis 
will increase the dilatation with a continued rise in 
the slope of the time-activity curve. Different protocols 
for diuretic administration have been described with 
the original account specifying injection 20 minutes 
after the radioisotope to allow for assessment of the 
unmodified upper tracts and alleviate the need for 
diuretic administration if normal. If pelvicalyceal dila- 
tation is present, maximal flow rates will be required 
and injection 15 minutes prior to radionuclide admin- 
istration (F-15 protocol) is more appropriate, allowing 
dynamic imaging to commence at peak diuresis. 


Captopril Renography 

Following the initial description in 1983 by Majd et al., 
renograms performed before and after administration 
of 25-50 mg of captopril may be used to demonstrate 
RAS.' This relies on the presence of high levels of an- 
giotensin II in renovascular hypertension. Angiotensin- 
converting enzyme (ACE) inhibitors block the vasocon- 
stricting effect that maintains GFR in RAS and the sec- 
ond time-activity curve will show a reduction in perfu- 
sion and a delay to peak. A change in split function can 
also be seen. Sensitivities and specificities vary accord- 
ing to the study population, but a prospective multi- 
center trial evaluated 380 hypertensive patients, who 
had a 9°™Tc-DTPA examination before and after admin- 
istration of captopril; 125 of the study group subse- 
quently had a significant RAS at renal angiography.” 
Overall RAS of > 70% was detected with a sensitivity 
of 83% and specificity of 93% if renal function was 
normal. The performance of the test decreased in im- 
paired renal function. 


Direct and Indirect Cystography 

As an adjunct to renography, a voiding study may sub- 
sequently be performed in toilet-trained children. The 
child sits with their back against the gamma camera 
head with the kidneys and bladder in the field of view 
and voids while fast frames are acquired dynamically. 
VUR can be seen as an increase in “counts” over the 
kidney or ureters (Fig. 15.7). Direct cystography is more 
invasive, requiring catheterization of the bladder and 
instillation of °°™Tc-pertechnetate with a further dis- 
advantage of the lack of visualization of the posterior 
urethra in males. However, direct °?™Tc-pertechnetate 
cystography gives a lower radiation dose than a MCU 
and can be useful in the follow-up of children under age 
three. 


Bone Scintigraphy 


Radiolabeled diphosphonates are absorbed onto the 
crystalline bony matrix and, at sites of increased osteo- 


blastic activity, there is more marked uptake of tracer. 
This technique can therefore be used to demonstrate 
and follow up bony metastases in malignancies of the 
urinary tract, such as prostate cancer (Fig. 15.8). Bone 
scans are very sensitive but not very specific and 
although patterns of extensive metastatic disease are 
fairly characteristic, other diagnoses, including trauma, 
Paget disease, and arthropathies, may have to be con- 
sidered. 


E Angiography and Interventional Techniques 


Although Doppler ultrasound, with or without micro- 
bubble ultrasound contrast media, has allowed the 
study of tissue vascularity (e. g., renal vascularity, renal 
and testicular masses, varicocele assessment, and erec- 
tile studies), more direct angiography is still used, ei- 
ther catheter (or conventional) angiography or less in- 
vasive methods such as CT and MR angiography. Cath- 
eter angiography is an invasive technique requiring 
arterial cannulation and intra-arterial contrast injection 
but remains the reference investigation for renovascu- 
lar disease, particularly cases of acute, severe renal 
hemorrhage. CT or MR angiography are carried out after 
peripheral intravenous contrast injection, and the study 
parameters are set to visualize the vessels at the mo- 
ment of peak contrast opacification, with the results 
further manipulated to enhance the vascular tree. CT 
and MR angiography compete with Doppler ultrasound 
as screening investigations, at the expense of cost and 
availability but with better accuracy in many situations. 
Further invasive diagnostic techniques are the study of 
upper or lower tract urodynamics or pyeloureterogra- 


phy. 


mai Problem-Solving 


Other imaging modalities supplement ultrasound find- 
ings and in this section radiological imaging strategies 
will be discussed in the context of common clinical 
problems, highlighting the strengths and weaknesses 
of the various investigations. 


E Renal Masses 


The vast majority (99%) of renal masses are accounted 
for by simple renal cysts, with the ultrasound exami- 
nation being fully diagnostic and further imaging un- 
necessary. The remaining 1% of masses need to be 
further evaluated by CT or MR imaging, supported by 
ultrasound correlation (Fig.15.9). High-reflective 
masses on ultrasound are not always angiomyolipoma, 
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Fig. 15.7 A °°TTeDTPA indirect cystography examination, 


demonstrating activity refluxing into right renal collecting sys- 
tem on micturition, which is indicative of VUR (posterior view) 
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Fig. 15.8 Multiple bony metastases from prostate carcinoma 
as the primary tumor demonstrated in the skull, spine, ribs, 
proximal femora, and right humerus 
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Fig. 15.9 A renal cell carcinoma (RCC) demonstrated on CT 
imaging as a large, solid left renal mass with peripheral rim 
calcification (arrow) 


Fig. 15.10 CT examination of a left renal cyst, demonstrating 
subtle contrast enhancement of solid elements within the cyst 
(arrow), raising the possibility of malignancy 
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Fig. 15.11 Imaging algorithm for 
analysis of a renal mass discov- 
ered on ultrasound (RCC: Renal 
Cell Carcinoma; AML: Angio- 
myolipoma; TCC: Transitional Cell 
Carcinoma). 
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carcinomas were of high reflectivity on ultrasound. 
Tissue enhancement is vitally important information 
for determining the likelihood of malignancy, and 
subtle enhancement can only be measured on CT or 
MR imaging (Fig.15.10). This particularly applies to 
small (< 3 cm) renal masses, documented in a study 
where the false negative rate for ultrasound in assess- 
ing small renal masses was 75% compared to 40% for CT 
in exclusion of renal cancer.* A suggested diagnostic 
algorithm may be used for all solid and complex cystic 
masses found on an ultrasound examination (Fig. 15.11). 


Renal Cell Carcinoma 


A renal mass which turns out to be a renal cell carci- 
noma (RCC) is often found incidentally on ultrasound or 
CT imaging. Tumor staging is usually performed with 
CT, with assessment of the size, position, and extent of 
the tumor dictating whether a radical or partial ne- 
phrectomy or adjuvant therapy will be required. The 
presence of lymphadenopathy, adrenal gland, renal 
vein, or inferior vena cava (IVC) involvement and tumor 


Table 15.6 TNM staging of renal cell carcinoma 


Tx Tumor cannot be assessed 

TO No evidence of primary tumor 

mi Tumor < 7 cm in greatest dimension limited to kidney 
T2 Tumor > 7 cm in greatest dimension limited to kidney 
T3 


T3a Invasion of ipsilateral adrenal gland or perinephric 
tissue but confined by Gerota’ s fascia 


T3b Extension into renal vein or IVC below diaphragm 


T3c Extension into renal vein or IVC above diaphragm 


T4 Invasion through Gerota’ s fascia 

NO No lymph node metastases 

N1 Single ipsilateral lymph node 

N2 Multiple regional, contralateral, or bilateral lymph 
nodes 

N3 Fixed regional lymph nodes 

N4 Juxtaregional lymph nodes involved 

MO No distant metastases 

M1 Distant metastases 


invasion through Gerota’s fascia are all important stag- 
ing and prognostic indicators (Table 15.6). 

Metastases from an RCC commonly involve lung and 
liver; therefore a chest radiograph, at least, is required 
for complete staging. Ultrasound or CT imaging of the 
liver for metastases and the contralateral kidney for a 
synchronous tumor, which occurs in 2% of patients, will 
be performed at the same time as assessment of the 
primary tumor. MR imaging is a useful problem-solving 
tool; it is helpful in evaluating renal vein or IVC involve- 
ment, using a combination of imaging planes and, if 
necessary, MR venogaphy (Figs. 15.12, 15.13). The multi- 
planar capabilities of MR imaging may also be useful in 
revealing the extent of bulky tumors with possible in- 
vasion of adjacent organs, but tends to be less discern- 
ing than CT when lesions are < 3 cm. Occasionally renal 
angiography may be necessary in preparation for neph- 
ron-sparing surgery in solitary kidneys. 


Bladder Carcinoma 


A transitional cell carcinoma (TCC) of the bladder will 
usually present with hematuria, as do most tumors of 
the urogenital tract. There is limited data on the role of 
different imaging techniques in the diagnosis of bladder 
cancer. Normally in any patient with hematuria, a cys- 
toscopy and imaging of the upper renal tracts is neces- 
sary. The choice of imaging of the upper renal tracts 
depends on local departmental guidelines but will in- 
clude an ultrasound, plain abdominal radiograph, and 
an IVU. A bladder tumor is often seen as a filling defect 
on an IVU and when the bladder is well-distended, 
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Fig. 15.12 Coronal fat-suppressed T1-weighted MR image of a 
hemorrhagic left RCC (arrow) 


Fig. 15.13 a Axial postgadolinium-enhanced T1-weighted MR 
image of a right renal cell carcinoma invading the IVC (arrow). 
b Coronal postgadolinium-enhanced T1-weighted MR image, 
demonstrating the superior extent of tumor thrombus within 
the IVC to the level of the diaphragm (arrow) 
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Table 15.7 TNM staging of bladder cancer 


Tis In situ disease 

Ta Papillary tumor confined to epithelium (mucosa) 
T1 Invasion to lamina propria 

T2 


T2a Invasion into superficial muscle (inner half) 


T2b Invasion into deep muscle (outer half) 


T3 
T3a Microscopic invasion into perivesical fat 
T3b Macroscopic invasion into perivesical fat 
T4 
T4a Invasion into prostate, uterus, vagina 
T4b Invasion into pelvic or abdominal walls 
NO No regional lymph node metastases 
N1 Metastasis in single lymph node < 2 cm 
N2 Single > 2 < 5 cm, multiple < 5 cm 
N3 Single > 5 cm 
MO No distant metastases 
M1 Distant metastases 


ultrasound will demonstrate a soft-tissue papillary or 
sessile mass arising from the bladder wall. Once a blad- 
der tumor has been demonstrated on ultrasound, it is 
necessary to perform an IVU to exclude a coexisting 
mucosal abnormality of the renal collecting system 
and ureters. An ultrasound will be more discerning at 
demonstrating concurrent RCC. Although an IVU has 
always been considered the “gold standard” for imag- 
ing upper renal tracts, CT has a role in demonstrating 
renal pelvic and ureteral tumors. There may be a role 
for a combination of CT and ultrasound, in the future, to 
replace an IVU in this scenario. 

The histology of the resected tumor, usually per- 
formed at cystoscopy, determines depth of tumor in- 
vasion. The majority of bladder carcinomas are super- 
ficial and a transurethral resection (TUR) is both a stag- 
ing procedure as well as treatment. These Ta and T1 
bladder tumors are followed up regularly with a cysto- 
scopy and treated with either further TUR or intraves- 
ical therapy, with no further role for imaging. 

For invasive bladder carcinoma, the prognosis is 
firmly dependent on the depth of tumor invasion and, 
as with other urogenital tumors, staging is according to 
the tumor, node, metastasis (TNM) classification (Table 
15.7). 

Stage T2 tumors and above appear to have a more 
aggressive natural history and 20-30% of patients with 
pT2 and pT3a organ-confined disease have regional 
lymph node metastases.° Hydronephrosis, in the con- 
text of invasive bladder carcinoma, also gives a poorer 


prognosis. Although radiology has a limited role in 
diagnosis, the extent of local and systemic disease 
needs to be assessed and for this both CT and MR 
imaging can be used. As in imaging of prostate cancer, 
neither CT nor MR can demonstrate microscopic dis- 
ease and both are unable to distinguish superficial from 
muscle-invasive tumors. The main role of CT and MR 
imaging is to differentiate organ-confined disease from 
extravesical disease. It is important to try to image 
patients prior to TUR of a bladder carcinoma, as post- 
surgical change (bladder-wall fibrosis and edema) may 
mimic disease and result in overstaging of disease. CT 
and conventional MR imaging have a similar sensitivity 
and specificity for bladder carcinoma detection, ranging 
from 60-100%.° Breath-hold contrast-enhanced dy- 
namic T1-weighted MR images will improve accuracy 
to 85% over conventional MR imaging.’ Staging accu- 
racy for lymph node involvement is similar as that for 
carcinoma of the prostate. 

Metastatic disease to regional lymph nodes, liver, 
lung, and bone can be evaluated by a combination of 
studies, for example CT for abdomen and pelvis, chest 
radiograph for lung involvement, and a radioisotope 
bone scan if there is a possibility of bone-marrow meta- 
stases. 


Prostate Carcinoma 


Once the diagnosis of prostate cancer has been made 
using transrectal ultrasound (TRUS) and biopsy, the 
subsequent clinical management depends on the histo- 
logical grade of the tumor, level of prostate-specific 
antigen (PSA) and stage of disease. To be considered 
potentially curable, disease staging has to indicate local 
disease and then imaging is required to evaluate the 
presence of extracapsular spread (Table 15.8). The role 
of TRUS is detailed in the chapter on prostate ultra- 
sound. The use of MR imaging in staging prostate cancer 
is not established and as such is not advocated for 
routine use. At present CT and MR imaging are probably 
comparable in accuracy for lymph node assessment, but 
MR imaging is better for local staging and bone-marrow 
metastases (due to the ability to manipulate imaging 
parameters with resultant superior soft-tissue charac- 
terization and multiplanar capabilities). 

T1-weighted MR images demonstrate the normal 
prostate and seminal vesicles as uniform intermediate 
signal surrounded by high-signal periprostatic fat. With 
T2-weighting, the normal prostate has a high-signal 
peripheral zone and lower, heterogeneous signal cen- 
tral gland. The seminal vesicles are shown as high- 
signal multilocular cystic structures. Seventy-five per- 
cent of tumors arise from the peripheral zone and are of 
low signal intensity, but prostatitis, infarction, and cal- 
cification may mimic this appearance. Postbiopsy hem- 


orrhage may also show as low signal intensity within 
the gland on T2-weighted images. Differentiation of 
hemorrhage from tumor may be achieved by detection 
of high signal intensity representing hemorrhage on T1- 
weighted images. Hemorrhagic changes may result in 
overestimation of tumor extent and MR imaging should 
probably be delayed for three weeks following a TRUS 
biopsy. 

Extracapsular spread is demonstrated by a focal 
bulge, loss of a well-defined capsule or low-signal 
soft-tissue infiltrating through the capsule into the 
periprostatic fat or superiorly into the seminal vesicles. 
As only 25% of prostate carcinoma arise from the cen- 
tral gland, MR imaging will struggle to detect a carci- 
noma given the variable signal returned from the cen- 
tral gland affected with the more common benign pros- 
tatic hyperplasia (BPH). To complete the examination, 
surface coil images should be obtained to assess the 
whole pelvis for lymphadenopathy with T1-weighted 
sagittal sequences through the lumbosacral spine to 
determine the presence of bony metastases (Fig. 15.14). 

Studies in the late 1980s showed rather disappoint- 
ing results with MR imaging in prostate carcinoma.*® 
However, the introduction of new coils (the pelvic 
phased-array and endorectal coils), use of orthogonal 
planes, and increasingly experienced observers have 
shown an apparent improvement in accuracy. Despite 
some encouraging reports, it is recognized that it is 
not possible to detect microscopic extracapsular ex- 
tension. The use of MR imaging remains controversial, 
with contradictory studies showing widely divergent 
accuracy for prostate carcinoma detection ranging 
from 58 to 90%.'° For example, a study from 1996 
showed a reduction in understaging from 42% to 
22% and a specificity for extracapsular invasion of 
96% using the endorectal coil. In the same year an- 
other group suggested that staging with an endorectal 
coil overstaged 21% of patients, denying the patients a 
potentially curative procedure, advising against rou- 
tine use of MR imaging in prostate carcinoma stag- 
ing.!? Other centers have reported significant artifacts 
with the endorectal coil that have degraded images 
resulting in nondiagnostic studies in 20% of patients." 
Whilst the controversy continues, accuracy for dem- 
onstrating seminal vesicle invasion, particularly with 
the combined endorectal and pelvic phased-array 
coil, appears to be consistently high, up to 96% 
(Fig. 15.15).!4 

Further new developments with faster MR imaging 
techniques have allowed dynamic postcontrast image 
acquisition following a rapid bolus of intravenous ga- 
dolinium.'® Early intense enhancement followed by 
rapid washout of contrast implies the presence of ma- 
lignant angiogenic neovasculature and may improve 
accuracy. MR spectroscopy uses similar technology to 
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Table 15.8 TNM staging of prostate cancer 


Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

yil Tumor not apparent clinically or radiologically 
Tla Tumor found by chance in less than 5% resected tissue 
Tib Tumor found by chance in over 5% resected tissue 
Tic Tumor found at needle biopsy only 

T2 Confined to the prostate 
T2a Involves less than half of one lobe 
T2b Involves more than half of one lobe 
T2c Both lobes 

T3 Through prostatic capsule 
T3a Unilateral extracapsular spread 
T3b Bilateral extracapsular spread 
T3c Involving seminal vesicles 

T4 Invasion of adjacent organs and structures 

(other than seminal vesicles) 

NO No lymph node involvement 

N1 Single lymph node involvement <2 cm 

N2 Single lymph node ivolvement >2 cm, or 

multiple nodes 

Mo No metastases 

Mla Nonregional lymph nodes 

M1b Bone metastases 

Mic Other sites 


Fig. 15.14 Coronal T2-weighted MR image of a large cystic 
adenocarcinoma of the prostate (long arrow) with right exter- 
nal iliac node involvement (thick arrow) 
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Fig. 15.15 Axial T2-weighted MR image, demonstrating a T3b 
prostate cancer with right seminal vesicle invasion (arrow) 


Fig. 15.16 MR spectroscopy superimposed on conventional 
T2-weighted MR image through the prostate confirming car- 
cinoma in left midzone with raised choline peak on left relative 
to citrate peak on right (circled), compared to the spectra 
obtained elsewhere 


conventional MR imaging but, rather than anatomical 
images, provides functional information by showing 
the relative concentrations of various metabolites con- 
tained within the structure under investigation. Spectra 
are produced which show peaks and troughs, with the 
area under the curve corresponding to concentration of 
metabolite. In the case of prostate carcinoma, three 
metabolites—citrate, creatine, and choline—are mea- 
sured. Prostate carcinoma has significantly higher cho- 
line and lower citrate levels compared to normal tissue 
and BPH. Tumor tissue can, therefore, be identified by 
demonstrating an increased choline/citrate ratio and 
correlating this with conventional T2-weighted images 
(Fig. 15.16). Work is underway to determine whether 


these ratios reflect histological grade of disease and 
how helpful this might be in directing intensity-modu- 
lated radiation therapy. It seems that not only may MR 
spectroscopy be of use when combined with MR imag- 
ing in preoperative staging and localization of prostate 
cancer but may also prove useful in treatment follow- 
up.!6 

Generally, if the PSA is > 10 ng/mL or if the patient 
has bone pain, then a bone scan using °°™Tc-labeled 
diphosphonate is performed. This evaluates the whole 
skeleton for bony metastatic disease. Any indetermi- 
nate regions may be evaluated with MR imaging. 


Testicular Tumors 


Scrotal ultrasound is the imaging investigation of 
choice in the diagnosis of testicular tumors. Ultrasound 
is able to differentiate intratesticular from extratestic- 
ular lesions and can resolve lesions down to 1 mm in 
diameter. Other imaging modalities are used once the 
diagnosis has been made to stage the disease. This is 
usually CT for evaluation of the retroperitoneum and a 
chest radiograph for demonstration of metastases to 
the lungs. 


E Calculus Disease 


Ultrasound is limited in the assessment of both acute 
and chronic urolithiasis, particularly compared to CT or 
a plain abdominal radiograph and provides incomplete 
pelvicalyceal anatomical information.'”!® With acute 
calculi, reported sensitivities for ultrasound range 
from 37-64% for calculus detection and 74-85% for 
detection of acute obstruction.'°-?! However, the accu- 
racy varies considerably; a further study reported a 
sensitivity of only 24% with a specificity of 90%.?? Ultra- 
sound may “miss” calculi smaller than 5mm in the 
pelvicalyceal system, ureter, or renal pelvis.” In all 
patients with acute ureteric colic, the ultrasound ex- 
amination should be supported by a plain abdominal 
radiograph. If symptoms persist, a negative ultrasound 
examination in these patients should be followed by an 
IVU or CT. Many centers employ CT as the initial diag- 
nostic study for acute ureteric colic; over 99% of renal 
calculi will be seen on CT.”4 Examples of nonvisualized 
calculi are matrix or struvite calculi, or those calculi due 
to indinavir therapy. CT has the highest diagnostic ac- 
curacy of any imaging modality (95% compared to 80% 
for IVU) in acute ureteric colic; this is an important 
consideration when a patient may be labeled as a 
“stone-former” on the basis of a radiological finding. 
In the initial landmark study, a calculus was confidently 
seen in 11 out of 12 patients on CT compared with only 
five patients on the corresponding IVU.7° All subse- 


quent reports have confirmed this impressive diagnos- 
tic performance. 
For management of a patient with chronic or known 
urinary tract calculi, size may be measured readily on 
ultrasound, but the precise intrarenal location, an im- 
portant consideration in management therapy, can be 
difficult to resolve. An IVU is always necessary prior to 
extracorporeal shock-wave lithotripsy (ESWL) or per- 
cutaneous nephrolithotomy to confirm location 
(Fig.15.17) and define the pelvicalyceal anatomy.'”"® 
The position of pelvicalyceal calculi are demonstrated 
with more precise detail on three-dimensional (3-D) CT, 
performed on the new multichannel CT scanners 
(Fig.15.18). Pelvicalyceal anatomy cannot be confi- 
dently delineated on ultrasound unless there is pelvi- 
calyceal system dilatation, but in the future 3-D ultra- 
sound may provide as much anatomical information as 
an IVU. Further limitations of ultrasound for follow-up 
of chronic calculi include reproducibility of size mea- 
surements and assessment of fragmentation after lith- 
otripsy. Orthogonal planes are used in ultrasound, un- 
like the fixed planes for plain radiography or CT, and 
this introduces an interobserver variation in size esti- 
mation. This was demonstrated in one study where 
ultrasound and CT measurements were concordant in 
only 79% of patients.” Satisfactory fragmentation after 
therapy is also difficult to assess on ultrasound com- 
pared to the plain abdominal radiograph, as fragments 
are usually resolved as a single mass by the poorer 
spatial resolution of ultrasound. Fowler et al. found 
that ultrasound could identify only 39% of patients 
with multiple calculi.?* For ureteric calculi, the plain 
abdominal radiograph is also preferred as the calculi 
are more reliably visualized whilst awaiting calculus 
passage or the decision to intervene. Therefore the 
role of ultrasound in the long-term management of 
calculi may be restricted to those with asymptomatic 
calculi who are not undergoing active management. In 
all other patients the ultrasound needs to be supple- 
mented with a plain abdominal radiograph or IVU. 
The contribution of MR urography is limited to pa- 
tients in whom irradiating investigations are contra- 
indicated: The pregnant woman with a dilated kidney 
on ultrasound but no calculus seen (Fig.15.19).?” Nu- 
clear medicine is useful in selected cases, such as in 
determining the function of a calculus-bearing kidney 
with poor cortical preservation on ultrasound. There is 
no defined threshold, but < 10% preserved function 
(after treatment of associated obstruction/sepsis) may 
not be worth treating and nephrectomy may be indi- 
cated. 
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Fig. 15.17 An IVU showing a calculus in a calyceal diverticulum 
(arrow). Although ultrasound demonstrated the calculus, the 
intracalyceal location is better demonstrated with an IVU. 
Knowledge of intracalyceal anatomy has a bearing on treat- 
ment 


Fig. 15.18 A 3-D CT reconstruction, demonstrating the rela- 
tionships of the calyces and renal pelvis 


Fig. 15.19 MR urography, demonstrating an obstructing cal- 
culus in proximal left ureter (arrow) with swollen, edematous 
left kidney in a pregnant patient 
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A Renal Outflow Obstruction 


Renal outflow obstruction is a common clinical prob- 
lem, with an incidence of approximately 4% at post- 
mortem in adults. Renal outflow obstruction has a sig- 
nificant morbidity, which includes infection, renal pa- 
renchymal loss, and renal failure, but if detected early 
enough is a potentially reversible condition. It is vital 
that renal outflow obstruction is recognized before ir- 
reversible damage causes renal impairment. 

The cause of renal obstruction is varied and may 
present acutely, as with calculus disease. However, it 
may have a more insidious and silent onset, which 
makes early detection problematic. Renal obstruction 
is defined as a proved increase in resistance to the flow 
of urine and may be acute or chronic, unilateral or 
bilateral. Not all patients with renal obstruction have 
a defined “anatomical” site of obstruction despite hav- 
ing increased pressures more proximally, for example 
in bladder-neck dysfunction and primary megaureter. 
In anumber of patients renal obstruction may be equiv- 
ocal, where a combination of functional and dynamic 
studies may be necessary to make an assessment. 

The diagnosis of renal obstruction is made most 
often on either ultrasound or IVU depending on the 
clinical indication and departmental guidelines. Ultra- 
sound relies on the demonstration of a dilated pelvica- 
lyceal system. The use of resistance index (RI) and 
ureteric “jets” may provide additional physiological in- 
formation. In acute obstruction, an IVU will show a 
characteristic delayed, dense nephrogram with dilated 
renal pelvis and the anatomical level of obstruction, 
although sometimes delayed films may be required. 
CT will show similar features and may be useful in 
determining the cause of obstruction by an extrinsic 
compression. In acute obstruction, MR and radionuclide 
imaging do not have an established role unless the 
patient is pregnant or has an iodinated contrast me- 
dium allergy. However, a nuclear medicine renogram 
with diuretic administered 15 minutes prior to the ex- 
amination is often required in equivocal cases, where 
the renal pelvis is dilated and it is uncertain whether 
this is truly obstructed (Fig. 15.20). A nuclear medicine 
renogram may also be required to measure divided 
renal function; often used to follow-up postsurgical 
patients, particularly those with complicated calculus 
disease and pelviureteric junction (PUJ) obstruction. 

Rarely, it may be necessary to perform perfusion 
pressure flow studies, as originally described by Whi- 
taker.78 This is an invasive technique requiring percuta- 
neous direct puncture of the renal collecting system. 
The needle is used to instill a combination of saline and 
iodinated contrast media at a rate of 10 mL/min until 
contrast fills the pelvis and overflows into the bladder. 
At the same time a catheter is introduced into the 


bladder to measure intravesical pressure. A differential 
pressure between the two systems of > 22 cm of water 
indicates a significant obstruction requiring inter- 
vention; if < 12 cm of water, renal obstruction is un- 
likely. 

Similarly urodynamics of the lower urinary tract 
combined with fluoroscopy can be used to assess blad- 
der function, particularly in the investigation of prob- 
able bladder outflow obstruction, urinary incontinence, 
and a neuropathic bladder. The procedure is similar to 
that of MCU but it is necessary to catheterize the blad- 
der with two tubes, one for filling and one for pressure 
measurements. Urodynamics also requires a further 
catheter in the rectum to measure total abdominal 
pressure. Intrinsic bladder pressure is calculated by 
subtracting total abdominal pressure from total bladder 
pressure. Voided volumes and flow rates can also be 
measured. 


= Renal Artery Stenosis 


Doppler ultrasound may be used as an initial screening 
investigation for suspected renal artery stenosis (RAS), 
but any abnormalities need to be confirmed by conven- 
tional catheter angiography, CT, or MR angiography 
(Fig. 15.21). Even at catheter angiography, full confir- 
mation of the presence of a RAS may need to be sup- 
plemented with intra-arterial pressure measurements 
to assess the hemodynamic significance of any renal 
artery narrowing. MR angiography is reported to be 
97% sensitive compared to 69% for captopril-enhanced 
Doppler ultrasound for the diagnosis of RAS.?° 


E Renal Transplantation 


The use of ultrasound, first-line imaging for the mon- 
itoring of renal transplantation has been described in 
Chapter 5. Nuclear renography may be a useful adjunct 
in a number of circumstances, for example with surgical 
complications (Fig.15.22). If the collecting system is 
dilated, functional imaging with MAG3 renography 
can determine whether the collecting system is ob- 
structed. Although the role of MR angiography still 
requires further clarification, it may be used to exclude 
a transplant RAS if Doppler ultrasound is noncontribu- 
tory or technically difficult. 


m Urinary Tract Trauma 
In the patient with major abdominal trauma, ultra- 


sound is often used for initial assessment, to assess 
for a renal hematoma, collections in the renal bed (in- 
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Fig. 15.20 a F-15 MAG3 reno- 
gram demonstrates a dilated 
right pelvicalyceal system with 
hold-up of isotope over 300 sec 
onds which persists following 
micturation. b F-15 MAG3 re- 
nography time-activity curves 
for the right and left kidneys 
demonstrate a rising time-activ- 
ity curve (green line) on the right 
to confirm right PUJ obstruction. 
Note normal pattern of uptake, 
drainage, and fall in time-activity 
curve within the left kidney (red 
line) 


Fig. 15.21 MR angiography, demonstrating a left RAS 


(arrow) 
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Fig. 15.22 A MAG3 renogram 
showing a renal transplant in 
the left iliac fossa. Activity is 
seen to extend beyond the con- 
fines of the transplant kidney and 
ureter (arrow) consistent with a 
urinary leak. Urinary activity is 
also demonstrated in the drain- 
age bag that was overlying the 
wound, confirming presence of a 
POST MCT leak. Note the activity within the 
; gallbladder due to hepatobiliary 
excretion that occurs in renal 
impairment with MAG3 renog- 
raphy 


Fig. 15.23 A contrast-enhanced CT, demonstrating major 
bilateral renal trauma following a gun-shot injury with 
active extravasation of contrast on the right (arrow). The 
path of the bullet can be traced through the spinal canal (short 
arrows) 


dicating either vascular or collecting system injury), or 
in the pelvis (if the ureter, bladder, or urethra is dam- 
aged). With urinary tract trauma, the main concern is 
damage to the renal vasculature, renal parenchyma, 
ureteric injury (often iatrogenic), bladder, or urethra.” 
Rarely the site of active bleeding may be seen with 
Doppler ultrasound. If any abnormality is seen on ultra- 
sound or if the patient is unstable despite a normal 
ultrasound examination, further imaging is necessary 
to identify the area of injury and quantify the degree of 
injury. The kidneys are best assessed by contrast-en- 
hanced CT (Fig. 15.23)?! or an IVU if subtle collecting 
system injury is suspected. Similar considerations apply 
to the ureter, which is best assessed with an IVU (or 
coronal reformats with CT). For suspected bladder and 
urethral injuries cystourethrography should be per- 
formed. 
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Summary points: 


Investigations Most common indications Advantages Disadvantages 


Plain radiographs œ Calcifications e Simple e lonizing radiation 
e Bony abnormalities e Cheap 


Intravenous Imaging of upper tracts in Good anatomy and resolution lonizing radiation 

urography (IVU) hematuria of upper tracts and ureters Contrast media required; aller- 
Calculus disease gic reactions and nephrotoxicity 
Urinary obstruction 
Anatomy of congenital anomalies 


Micturating cyto- Imaging of ureters, bladder, and Good resolution lonizing radiation 
urethrography urethra predominantly in children Good anatomical definition Invasive 
(MCU) Complete, one-stage lower- tract 

imaging 


Investigations Most common indications Advantages Disadvantages 


Computed e Calculus disease Now readily available e lonizing radiation 
tomography (CT) Hematuria Calculi/hemorrhage e Contrast media (see IVU) 
Urinary obstruction well- demonstrated 
Characterization of renal masses Subtle enhancement well seen 
Staging of malignant disease 3-D CT becoming a reality 
Trauma 


Magnetic reso- Problem-solving of renal masses No ionizing radiation Expensive 
nance (MR) imag- Renal artery stenosis (RAS) Multiplanar capabilities Not as readily accessible 
ing Renal vein/inferior vena cava (IVC) * Good soft-tissue characterization Difficult in claustrophobic 
thrombus in malignant disease Contrast medium is not nephrotoxic patients 
Staging pelvic malignancies Useful in renal failure and pregnancy * No pacemakers /aneurysm clips, 
ete 


Radionuclide Assessment of drainage in Both functional and anatomical lonizing radiation 
imaging hydronephrotic kidney information Not available in all institutions 
Evaluation of vesicoureteric Usually noninvasive 
reflux (VUR) in children Lower dose in children cf. MCU 
Demonstration of scarring in reflux 
nephropathy 
Accurate divided function in surgical 
planning and follow-up 
Assessment of perfusion in RAS 
Staging bone scans 


Renal angiography RAS Good resolution (“gold standard”) œ Invasive 
e Nephrotoxic contrast media 
may be required but CO, can be 
used 
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16 The Native Kidney 


E. Leen 


Introduction: Classes of Ultrasound 
Contrast Agents 


The ideal ultrasound contrast agent for renal imaging 
should be safe, stable in the vascular system to survive 
pulmonary capillary circulation, and capable of modify- 
ing the acoustic properties of the regions of interest 
within the kidneys. Most of the current contrast agents 
satisfy these criteria to some degree. These agents con- 
sist of microbubbles which measure 2-10 um in diam- 
eter and are well-recognized to be the most effective 
backscatterers (see below).!~* 

Ultrasound contrast agents are sometimes labeled as 
first-, second-, or third-generation. First-generation 


Table 16.1 Ultrasound contrast agents 


Perfluoropropane-filled albumin mi- 


Surfactant shell containing perfluoro- 


Polybutylcyanoacrylate microspheres 


Phospholipid-coated microbubbles of 
perfluoropropane/air with gas-filled 


agents (e.g., Levovist, Schering AG, Berlin) consist of 
those which trap air and have a short persistence 
time. Second-generation agents (e.g., SonoVue, Bracco 
spa, Milan) contain insoluble gases such as perfluoro- 
carbons with prolonged longevity (Table 16.1). Stability 
of these microbubbles is provided in the form of a shell 
made of denatured albumin, lipid, or surfactant layers. 
In contrast, third-generation agents (e.g., Sonovist, 
Schering AG, Berlin) use polymer shells and contain 
either air or perfluorocarbons with a much longer per- 
sistence time.” 

Earlier agents were primarily designed to be blood 
pool agents and have been shown to be highly effective 
in enhancing spectral/color/power Doppler signals 


Application|status 


Myocardial perfusion, 
phase II/III 


Myocardial perfusion, 
phase II/III 


Left ventricular opacification | endocardial 
border delineation. Marketed in Europe and 
United States 


Left ventricular opacification | endocardial 
border delineation. (NDA-filed in United 
States) 

Myocardial perfusion, phase II 
Noncardiac, phase II 


LVO/EBD and noncardiac. Marketed in Europe 
Noncardiac, phase II. Marketed in Europe 


Liver: phase I, Il. 
Marketed in Europe 


Noncardiac; marketed in Europe; phase II/II 
in United States 

LVO/EBD NDA-filed in United States and 
Europe. 

Myocardial perfusion, phase II 


LVO/EBD: Marketed in United States 
Noncardiac, phase II/III in United States 


Licensee Trade name Codename Composition 

Acusphere A1700 Polylactic- coglycolic, polycaprolac 
tone, copolymers; perfluorocarbon 
gas 

Point Biomedical BiSphere PB127 Double- walled gelatin/polymer 
spheres filled with air 

Amersham Health Optison FS069 
crospheres 

Schering AG Imavist AFO-150 
hexane vapor in nitrogen gas 

Schering AG Levovist* SHU 508A Suspension of galactose micropar- 
ticles and palmitic acid in water 

Schering AG Sonovist SHU 563A 
containing air 

Bracco Spa BR14 Phospholipid shell containing per- 
fluorobutane 

Bracco Spa SonoVue BR1 Phospholipid-stabilized SF6 gas 

Bristol Myers Squibb Definity MRX- 115 

Medical Imaging Inc. 
lipid bilayers 

Amersham Health Sonazoid NC 100100 


lipid shell 


*Registered 


Perfluorobutane gas encapsulated in 


LVO/EBD, NDA-submitted in United States, 
Noncardiac, phase II/III 
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within the macrovasculature on fundamental, i.e. con- 
ventional imaging modes, lasting up to seven minutes 
following an intravenous bolus administration and ap- 
proximately up to 15-20 minutes after an infusion.®” 
Agents such as SonoVue (Bracco Spa, Milan), Definity 
(Bristol Myers Squibb, Boston), Optison (Amersham, 
Oslo), and Imavist (Schering AG, Berlin), although pri- 
marily designed to be blood pool agents, have shown to 
be trapped or slowed in the hepatic sinusoids and 
spleen enhancing the parenchyma, which may last up 
to six minutes.® This characteristic is useful for both the 
detection and characterization of lesions deficient of 
sinusoids, for example metastasis. These, therefore, ap- 
pear as a filling defect.’ 

Agents such as NC100100 (Amersham, Oslo), Le- 
vovist (Schering AG, Berlin), and SHU 563A (Schering 
AG, Berlin) have additional tissue-specific proper- 
ties.1°-1? They are selectively taken up by the Kupffer 
cells of the reticuloendothelial system, after the vascu- 
lar phase, and may enhance the normal hepatic and 
splenic parenchyma for up to an hour on either funda- 
mental or harmonic, gray-scale, or Doppler modes, de- 
pending on the dosage used. The advantage of this 
property is that lesions which are deficient of Kupffer 
cells or associated with Kupffer cell dysfunction do not 
retain the contrast agent, thereby improving the lesion- 
to-tissue contrast ratio. However, none of these agents 
have been shown to be trapped in the kidneys. 

In Europe and Asia, SonoVue and Levovist are cur- 
rently commercially available for radiological clinical 
applications, whilst in North America only Definity is 
licensed for radiological applications. However, agents 
which are already licensed for cardiac imaging such as 
Optison or Definity in the United States can also be used 
off-labeled for abdominal imaging. 


Summary points: 

e Ultrasound contrast agents are very safe to use 
clinically 

e There are different classes of agents based on dif- 


ferent formulations and all can be used for renal 
imaging 

e They are now commercially available in Europe, 
North America, Latin America, and Asia 


ma Microbubble Behavior and Imaging 
Modes 


The interaction between the insonating ultrasound 
beam and the microbubbles is very complex; a basic 
understanding of their behavior under various sound 
fields has been fundamental to the development of 


improved methods of visualizing and displaying the 
contrast agents. On insonation at low amplitude 
(0-100 kPa), microbubbles behave as linear backscat- 
terers, alternatively contracting and expanding accord- 
ing to the positive and negative pressures of the sinu- 
soidal sound waves. As the incident pressure increases 
(100 kPA-1 Mpa) they begin to show nonlinear charac- 
teristics with emission of harmonics (i.e., on the neg- 
ative portion of the sound waves the bubbles can be- 
come quite large, but on the positive portion there is a 
limit to which they can contract) and this asymmetry is 
what constitutes the harmonic emissions. With a fur- 
ther increase in the peak pressure of the incident ultra- 
sound field, the shell of the microbubble is disrupted; 
during this process a transient, strong, nonlinear echo is 
emitted (stimulated acoustic emission [SAE]/loss of cor- 
relation [LOC]) and the microbubbles are destroyed." 
Fundamental color/power Doppler modes and the 
newer harmonic modes (tissue, pulse/phase inversion) 
use the microbubbles’ nonlinear and transient scatter- 
ing properties to enhance signals from the contrast 
agents over those of background tissue. 

Ultrasound contrast agents are indeed very effective 
in enhancing fundamental spectral/color/power Dopp- 
ler signals within the macrocirculation of the kidneys. 
However, blooming of the color/power Doppler signals 
and shadowing artifacts may obscure enhancement of 
the blood pool and further degradation may arise from 
the respiratory and cardiac motion artifacts on the fun- 
damental modes. Adjustment of the color/power Dopp- 
ler gain counteracts the benefit of using the contrast 
agents. Fortunately, the use of harmonic modes effec- 
tively displays the microbubble signals while suppress- 
ing the tissue motion artifacts. 

Unlike computed tomography (CT) and magnetic 
resonance (MR) contrast agents, most ultrasound 
agents on fundamental gray-scale mode are not de- 
picted in the microcirculation and do not enhance the 
renal parenchyma at clinical doses as the echo from the 
tissue is still far too strong compared with that from 
the small volume of contrast within the microcircula- 
tion of the tissue itself. The simplest method of dis- 
playing the signals from the microbubbles in the mi- 
crocirculation, over those of tissue, is to destroy the 
microbubbles in the microcirculation at high ultra- 
sound output (above a mechanical index [MI] of 1.0) 
by using fundamental color/power Doppler modes 
(SAE/LOC) imaging).'*> This method emits the stron- 
gest signals. Furthermore, Doppler modes are ideal be- 
cause they are very sensitive. A mosaic of color Doppler 
signals and color enhancement are displayed on color/ 
power Doppler mode respectively. Gray-scale enhance- 
ment is also achieved effectively as a result of the same 
destructive process, by using the harmonic imaging 
modes. 


However, these fundamental Doppler and tissue- 
harmonic modes are inherently limited by poorer res- 
olution and lack of penetration. Destruction of the mi- 
crobubbles results in transience of the effect unless 
there is replenishment of the new microbubbles in 
the scan plane. Therefore, only microbubbles which 
can perfuse the imaging space between frames may 
be visible. In clinical practice the contrast enhancement 
is seen only on one frame (the first frame) because 
scanning is performed at a frame rate at which the 
interval between frames far exceeds the time for new 
microbubbles to perfuse the scanning plane. This forms 
the basis for interval delay imaging, or intermittent 
imaging. Short or long delay times can also be used to 
emphasize vascular or tissue contrast, respectively. 
More importantly, this technique can accentuate the 
differential perfusion kinetics between normal renal 
tissue and tumors, which may be used to improve 
tissue characterization. 

This destructive technique is a highly effective 
method of displaying contrast in the microcirculation, 
irrespective of whether the microbubbles are in motion 
or not. But it is limited as it only produces transient 
displays of contrast and heterogeneous enhancement; 
transience may be partially resolved by using repeated 
or higher doses of contrast agents. However, shadowing 
artifacts from the larger vessels carrying higher concen- 
trations of the contrast agents may be limiting. 


mm Newer Nonlinear Imaging Modes 


Methods such as pulse/phase inversion harmonic imag- 
ing have had quite an impact in displaying contrast 
enhancement of the parenchyma. In pulse inversion 
imaging, a sequence of two ultrasound pulses is trans- 
mitted instead of one single pulse. The first pulse is an 
in-phase pulse and the second is a mirror image of the 
first. For any linear target, the response to the second 
pulse is an inverted copy of the response from the first 
pulse. These are then summated and all linear echoes 
are cancelled. However, for a nonlinear target such as 
microbubbles, the responses to positive and negative 
pulse, are different and therefore do not cancel each 
other on summation. The fundamental components of 
the echo are cancelled whilst the even harmonic com- 
ponents are added, resulting in twice the harmonic 
level of a single pulse. They allow the use of broader 
transmit and receive bandwidths with improved reso- 
lution and increased sensitivity to contrast, thereby 
overcoming some of the limitations of the simple har- 
monic modes.!®! These advantages also permit the use 
of a much lower, nondestructive output power level for 
continuous imaging, thus obviating the need for inter- 
mittent/interval delay imaging; at such a low MI, the 
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background tissue appears quite dark and this can to be 
compensated by increasing the gain setting. More re- 
cent improvements now allow adequate visualization 
of deep-seated lesions (10-15 cm) which were previ- 
ously problematical. 

Another method of displaying contrast agent signals 
over those of tissue, based on the nonlinear properties 
of the microbubbles, is known as power modulation. 
This is a multipulse technique with alteration of the 
acoustic amplitude of the transmitted pulses. It applies 
an initial pulse followed by a second pulse which is half 
the amplitude of the first. Since the reflections from 
tissues are linear, doubling the half-amplitude reflec- 
tion results in a signal similar to the full-amplitude 
signal. Change in the transmit amplitude induces 
changes in the response of the microbubbles. Upon 
reception, echoes from the half-amplitude-transmitted 
pulse are adjusted in amplitude and subtracted from 
the full-amplitude echoes. This procedure removes 
most of the linear responses at the fundamental fre- 
quency and the remaining echoes contain mainly non- 
linear signals from the microbubbles.'*!° Power modu- 
lation is used in combination with low-frequency wide- 
band transducers, enabling ultraharmonic imaging, 
which improves tissue-signal subtraction and, thereby, 
increases the contrast-to-tissue ratio. 


Summary points: 

e Some understanding of the complex interaction 
between microbubbles and the insonating ultra- 
sound beam is important 


e Microbubble responses vary at different mechanical 
indices 

e Real-time imaging is now possible at low MI with 
nonlinear imaging techniques 


Ml Optimization of Equipment Settings 
and Practical Aspects 


Irrespective of the equipment used, any of the non- 
linear imaging modes (pulse inversion harmonic [PIH] 
or Power PIH for Philips; coherent contrast imaging 
[CCI]; or contrast pulse sequencing [CPS] for Acuson 
Sequoia, THI or ECI for Siemens Elegra, etc.) combined 
with a very low MI (0.1-0.2) scanning protocol using 
agents such as SonoVue, Definity, Optison, or Sonazoid 
are essential to enable real-time continuous imaging of 
the kidney. Only small volumes of contrast agent are 
required for a complete examination; this ranges be- 
tween 0.5 mL for Definity to 2.4 mL for SonoVue. The MI 
and receiver gain can be adjusted according to the 
patient’s body habitus, but the MI should be kept as 
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low as possible. If, however, the image remains too dark 
despite receiver gain compensation and the anatomical 
landmarks are lost, it may be worth increasing the MI 
up to 0.35-0.4 and as soon as the arrival of the contrast 
agent is seen, it can be adjusted down to 0.2. The focal 
zone, if singular, should be set low down the screen 
(usually 4/5). Persistence setting, which refers to the 
temporal smoothing that the scanner performs in dis- 
playing images, should also be minimized. There are 
other parameters, such as dynamic range/compression 
and line density, which would also affect microbubble 
destruction and contrast display sensitivity, but these 
would already have been optimized by the equipment 
manufacturer and the user is best advised to adopt the 
default setting for the individual contrast agent. 

Standardization of the scanning protocol is impor- 
tant to ensure coverage of the whole kidney. In our unit, 
sagittal sweeps followed by axial sweeps are first per- 
formed. This sequence of scanning is repeated system- 
atically over and over throughout the vascular phase. 
The whole examination should be recorded on SVHS 
video or digitally on extended cine-loop archived on 
hard drive for further review. The first pass of the bolus 
is indeed very short and allows the assessment of the 
vascularity of the lesion. Irrespective of tumor vascu- 
larity, most lesions, if not all, should be detectable. It is 
important to understand the temporal changes in the 
echogenicity of the lesions relative to the adjacent renal 
parenchyma, which may occur during the vascular 
phase, for the purpose of characterization. Repeat in- 
jections are feasible for a more complete examination. 

In the characterization of focal lesions, a standard- 
ized scanning protocol is also useful to evaluate the 
tumoral vascular morphology during the vascular 
phase. As it is now possible to scan at very low MI 
and visualize the temporal changes of lesional enhance- 
ment and its vascular morphology in real-time, there is 
in fact no need for any “interval delay scanning tech- 
nique” to accentuate the differential vascularity be- 
tween the lesion and the normal renal tissue. Following 
the administration of the contrast agent, gentle sweeps 
to cover the whole lesion are recommended instead of 
maintaining the same scanning plane continuously. 
Although there is minimal destruction when scanning 
at low MI, significant microbubble destruction still oc- 
curs when the probe is kept within the same scan plane. 
In addition, when sweeping through the lesion, a three- 
dimensional (3-D) perspective of the lesional vascular 
morphology is obtained. These sweeps can be repeated 
over the whole vascular phase. 

However, the equipment settings and scanning pro- 
tocols are different for agents such as Levovist and 
Sonovist as they are best displayed using nonlinear 
imaging modes set at high MI (> 1.0). Specific imaging 
modes, agent detection imaging (ADI) available on both 


Acuson and ATL5000, are specifically designed for using 
Levovist and are highly effective in displaying contrast 
using a color map with high resolution. However, at 
higher MI imaging, interval-delay imaging is necessary 
to enable visualization of the parenchymal enhance- 
ment. 


= Clinical Applications 


Although ultrasound contrast agents have been under 
development for a long time, their clinical applications 
in the kidney have been limited to enhancing Doppler 
signals in difficult cases. However, recent improve- 
ments in nonlinear imaging modes combined with 
the introduction of second-generation contrast agents 
will undoubtedly broaden the scope of its diagnostic 
potential beyond simply rescuing failed Doppler exami- 
nations. There are indications from early reports to 
suggest that the use of contrast-enhanced ultrasound 
may be promising in various clinical perspectives. 


E Focal Renal Lesions (see Chapter 8) 


Renal cysts are common incidental lesions found on all 
imaging modalities, and those which are simple are not 
clinically relevant. However, complex cysts may have 
malignant potential, depending upon the number and 
thickness of the septations, presence of mural nodules, 
and/or peripheral calcification.?° The option of surgical 
resection relies on the demonstration of hypervascular- 
ity of these nodules or septations, which is usually 
based on contrast-enhanced CT or MR imaging. Pre- 
vious studies using Levovist-enhanced power Doppler 
ultrasound have shown that the use of contrast im- 
proved the sonographic evaluation of the vascularity 
of the septations and nodules which was superior when 
compared with contrast-enhanced CT.?! Contrast-en- 
hanced ultrasound with the new nonlinear imaging 
modes, by virtue of the higher spatial resolution com- 
pared with power Doppler, may further improve its 
diagnostic accuracy (Figs. 16.1, 16.2). 

Unenhanced ultrasound is well-known to be limited 
in the detection of small focal renal masses compared 
with an enhanced CT scan;?” of lesions measuring 
<5 mm, the detection rate for CT and ultrasound was 
47% and 0%, respectively, and even for lesions measur- 
ing 15-20 mm, the detection rates were 100% and 58%, 
respectively. However, there were still a substantial 
proportion of lesions measuring < 1 cm which had not 
been detected by either modality. Whilst we can as- 
sume that contrast-enhanced ultrasound may improve 
the detection of small focal lesions, it remains to be 
seen whether it can match contrast-enhanced CT and 


Fig. 16.1 a Baseline fundamental ultrasound showing apparent 
echoes inside a lesion at the lower pole of the kidney sugges- 
tive of a renal mass. (arrow). b Contrast- enhanced color Dopp- 
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ler ultrasound showing no vascularity of the lesion and no 
intralesional echoes confirming simple renal cyst. (Courtesy 
of R.G. Barr, Ph.D. M.D., Youngstown, Ohio, US) 
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Fig. 16.2 a Baseline fundamental ultrasound showing a small 
cyst with some irregularity on the inner aspect of the capsule 
(arrow). b Contrast-enhanced nonlinear imaging ultrasound 
scan showing nodular enhancement inside the cyst (arrow). 
c Magnified view confirmed the nodular enhancement (ar- 


rows). d Delayed scan showing septal enhancement consistent 
with complex renal cyst (arrow) which was confirmed as ma- 
lignant. (Courtesy of R.G. Barr, Ph.D. M.D., Youngstown, Ohio, 
US) 
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Fig. 16.4 a Baseline fundamental ultrasound showing deform- 
ity of the renal cortex by a mass of altered mixed echogenicity 
(arrows). b Contrast-enhanced nonlinear imaging ultrasound 
scan showing large abnormal vessels (arrows) inside the en- 


MR. In the same study the authors showed that CT and 
ultrasound correctly characterized 80% and 82%, re- 
spectively, of lesions measuring 10-35 mm. However, 
an early study with contrast-enhanced ultrasound has 
shown its limitation in the characterization of focal 
hyperechoic lesions, although it improved the differ- 
entiation between pseudotumor and neoplasm.” 
Other focal renal lesions, including infarcts, infection, 
and laceration/hematoma, are also associated with re- 
duced or lack of perfusion; these are easily depicted 
using contrast-enhanced ultrasound. Although there 
are only anecdotal reports and published abstracts to 
substantiate the efficacy of this new technique, intui- 
tively one can assume contrast-enhanced ultrasound 


Fig. 16.3 a Baseline fundamental ultrasound showing distor- 
tion of the renal cortex by an apparent mass with altered 
echogenicity (arrows). b Contrast-enhanced nonlinear imaging 
ultrasound scan showing normal branching of the intrarenal 
arteries inside the apparent mass in the early vascular phase, 
confirming normal renal tissue instead of tumor. c Interval 
delay imaging showing similar enhancement of apparent lesion 
as with normal adjacent renal cortical tissue. Appearances were 
those of a splenic hump. (Courtesy of R.G. Barr, Ph.D. M.D., 
Youngstown, Ohio, US) 


hanced hypervascular mass in the early vascular phase, con- 
firming renal cell carcinoma. (Courtesy of R.G. Barr, Ph.D. M.D., 
Youngstown, Ohio, US) 


may have arole to play in the characterization of benign 
and malignant lesions, as well as in the guidance, mon- 
itoring, and follow-up of radiofrequency (RF) ablation of 
renal tumors (Figs. 16.3-5). Further prospective studies 
are still required to determine the true value of the 
technique in clinical practice. 

Contrast-enhanced ultrasound with nonlinear imag- 
ing modes may potentially replace CT in the evaluation 
of these complex renal cystic lesions and their follow- 
up or as an adjunct in the evaluation of the indetermi- 
nate small renal lesion found on CT or MR imaging. It 
may be of particular value in the evaluation of patients 
at higher risk of CT contrast nephrotoxicity or those 
who are claustrophobic for MR imaging. 


Fig. 16.5 a Baseline fundamental ultrasound showing renal 
mass which is poorly delineated (arrows). b Contrast-enhanced 
nonlinear imaging ultrasound scan showing small tumoral 
vessels permeating the periphery of the relatively hypovascular 
mass which is displacing the normal renal vessels. c Delayed 
contrast-enhanced nonlinear imaging ultrasound scan show- 
ing improved delineation of the tumor margin. (Courtesy of 
R. G. Barr, Ph.D. M.D., Youngstown, Ohio, US) 


E Renal Artery Stenosis (see Chapter 3) 


Fundamental Doppler ultrasound remains one of the 
imaging modalities used in the assessment of renal 
artery stenosis (RAS), given its noninvasiveness and 
wide accessibility. However, the technique has not 
gained widespread support in clinical practice because 
of the lack of standardization of the technique and 
reports of differing accuracies.” There are obvious 
problems, such as difficulty in the visualization of the 
entire length of the artery to depict the stenosis, the 
presence of accessory arteries, which are difficult to 
identify, and poor spectral Doppler sampling because 
of respiratory movement and resultant inaccurate 
Doppler angle correction. When visualization of the 
proximal portion of the artery is impossible, the assess- 
ment of the downstream waveform alteration caused by 
a stenosis has been suggested as an adjunct examina- 
tion, but such assessment has been marred by substan- 
tial measurement variability and lack of reproducibility. 

There is evidence that contrast-enhanced Doppler 
ultrasound improves the visualization of the renal ar- 
teries and significantly reduces the number of equivocal 
examinations.” In a multicenter study of 191 patients, 
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renal artery accessibility improved from 75% to 90% 
after contrast administration and the accuracy in detect- 
ing RAS also improved from 65% to 78% by using renal 
angiography as the reference standard (Fig. 16.6).7° Con- 
trast-enhanced harmonic imaging is also known to fur- 
ther improve renal artery visualization with sensitiv- 
ities over 95%.?7 


However, improved visualization of the renal artery 
may not be clinically sufficient. The challenge lies in the 
identification of hemodynamically significant stenoses 
suitable for interventional therapy. There is some evi- 
dence that supplementary functional imaging using 
ultrasound contrast agent may be of value in the diag- 
nosis of renal ischemia, analogous to other functional 
tests such as captopril scintigraphy. In a pilot study of 
20 patients with suspected renovascular hypertension, 
analysis of the time-intensity renal enhancement 
curves using harmonic power Doppler imaging with 
SonoVue showed a significant increase in the area 
under the curve and maximum peak intensity parame- 
ters in patients with significant RAS compared with the 
normal renal artery or nonsignificant RAS.7° Further- 
more, the area under the curve apparently returned to 
the normal range once successful revascularization had 
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Fig. 16.6 a Unenhanced duplex color Doppler ultrasound as- 
sessment of the renal artery with poor signal acquisition in 
suspected RAS.b Contrast-enhanced scan improved the du- 
plex color Doppler ultrasound assessment. High-velocity flow 


been accomplished. Studies of a large patient popula- 
tion and evaluation of the technique following a capto- 
pril challenge are required. 

Determination of the normal range for indices such 
as area under the curve, peak intensity, wash-in and 
wash-out gradients remain to be established and as- 
sessment is needed concerning the effect of body mass, 
sex, cardiac output, fasting status, etc. Comprehensive 
functional imaging studies in humans using newer non- 
linear imaging modes remain necessary. 


Acute Urinary Obstruction 


Previous studies have shown that occlusion of the ure- 
ter is associated with reduction in global renal blood 
flow.”° This vasoconstrictive response can be assessed 
with Doppler ultrasound through the measurement of 
the resistive index. There has been some skepticism 
regarding this method because some investigators 
have shown a relative lack of sensitivity for the diag- 
nosis of acute obstruction.*°?! Experimental studies 
have shown that functional imaging in the form of a 
time-intensity curve assessment by using contrast-en- 


with blooming of the color Doppler signals and aliasing of the 
spectral Doppler signals were noted consistent with RAS. The 
PSV in the main renal artery was 2.4 m/s~'. (Courtesy of R.G. 
Barr, Ph.D. M.D., Youngstown, Ohio, US) 


hanced gray-scale harmonic imaging may be comple- 
mentary in depicting the renal hemodynamic changes 
associated with acute obstruction.*? The area under the 
curve was significantly reduced during obstruction and 
correlated well with mean cortical blood flow. How- 
ever, this index did not return to baseline values after 
relief of the obstruction; it was postulated to result 
from mild residual obstruction related to ureteric 
edema after prolonged instrumentation. 


Summary points: 

Current and potential roles of microbubble contrast 
agents include: 

e Characterization of complex renal cysts 

e Assessment of renal masses, trauma, infection, in- 


farction, and obstruction 

Guidance of RF ablation and assessment of response 
Evaluation of renal artery stenosis 

Adjunct for patients at high risk of radiograph con- 
trast nephrotoxicity and those claustrophobic for MR 
imaging 
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Fig. 16.7 SonoVue enhancement of the right native kidney. 
a Square region of interest assessing renal cortical enhance- 
ment. Oval region of interest assessing renal medullary en- 
hancement. b Normal time—renal corticomedullary curves 


~*~ Cortical curve —@—Medullary curve 


E Functional Renal Imaging 


Organ viability and functions are highly dependent 
upon organ blood flow and regional tissue perfusion; 
accurate measurement of the flow or perfusion changes 
may therefore be useful in the detection and character- 
ization of vascular pathologies. Functional renal imag- 
ing with contrast agents is comparatively new, as novel 
sonographic techniques capable of evaluating micro- 
circulation only became available recently. 
Second-generation contrast agents such as SonoVue 
and Optison are ideally suited for assessment of renal 
blood flow, as the microbubbles are uniformly small, 
free-flowing, and remain entirely intravascular; they 
are therefore not affected by glomerular filtration or 
tubular transport. Repeated measurements can also be 
made sequentially, as the microbubbles may be cleared 
from the circulation fairly rapidly, especially when us- 
ing small doses. However, there are inherent limitations 


as a result of the nonlinearity of the technique, micro- 
bubble attenuation, and destruction upon insonation. 
Quantification of the relative concentration of the 
microbubbles can now be made by analysis of the 
“raw” RF data using the manufacturer-supported soft- 
ware such as Qlab (Philips, Bothell, US) or by videoden- 
sitometric analysis of the postprocessed screen-display 
data using the manufacturer’s or independent off-the- 
shelf analysis software. The relationship between mi- 
crobubble concentration and video intensity is known to 
be exponential, with a linear range occurring at lower 
contrast concentration;?? therefore small doses of con- 
trast agents should be used. Using nonlinear imaging 
modes at low MI, the time-intensity curves of the renal 
cortex and medulla can be obtained following a bolus 
intravenous injection of 1 mL of SonoVue (Fig. 16.7). 
Parameters such as contrast “arrival time,” “peak en- 
hancement,” “in-flow gradient,” and “area under the 
curve” can be measured for various regions of interest 
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Fig. 16.8 Destruction-reperfu- 
sion curve. The arrows point to a 
series of high MI scan frames 
(Time axis scale (1/1000) sec 
onds). 
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method can be used to monitor sequentially the effect 
of therapy or disease progression. Other methods of 
quantification of renal regional blood flow and volume 
include the “destruction/reperfusion” techniques with 
constant infusion of microbubbles to maintain steady 
state. One method is simply based on initially destroying 
the microbubbles at high MI and subsequently observ- 
ing the reperfusion kinetic profile at low MI imaging 
from which parameters such as “arrival time” and 
“wash-in gradient” can be calculated (Fig. 16.8). Wei et 
al. described another method using a high MI technique 
where the exponential relationship between increasing 
pulsing intervals and video intensity is derived.** Fu- 
ture studies are clearly required to assess the value of 
these techniques in clinical practice. 


Ma References 


. Burns PN, Hilpert P, Goldberg BB. Intravenous contrast 
agent for ultrasound Doppler: in vivo measurement of 
small tumour vessel dose-response. Proc IEEE Eng Med 
Biol Soc 1990:12;322-4. 

. Forsberg F, Wu Y Makin IRS, et al. Quantitative acoustic 
characterisation of a new surfactant based ultrasound con- 
trast gent. Ultrasound Med Biol 1997;23:1201-8. 

. Hoff L, Christiansen C, Skotland T. Consideration about the 
contribution to acoustic backscatter from Albunex micro- 
spheres with different sizes. J Ultrasound Med 1994;13: 
181-2. 

. Burns PN. Harmonic imaging with ultrasound contrast 
agents. Clin Radiol 1996; 51(Suppl1):50-5. 

. Leen E. Ultrasound contrast harmonic imaging of abdomi- 
nal organs. Semin Ultrasound CT MR 2001 Feb;22: 11-24. 

. Leen E, Angerson WJ, Yarmenitis S, et al. Multicentre clin- 
ical study of Sonovue™ (BR1), a new ultrasound contrast 
agent in Doppler investigation of focal hepatic lesions: 
efficacy. Eur J Radiol 2002;41:200-6. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


. Correas JM, Burns PN, Lai X, Qi X. Infusion versus bolus of 


an ultrasound contrast agent: in vivo dose-response mea- 
surements of BR1. Invest Radiol 2000;35:72-9. 


. Kono Y, Steinbach GC, Peterson T, Schmid-Schonbein GW, 


Mattrey RF. Mechanism of parenchymal enhancement of 
the liver with a microbubble-based US contrast medium: 
an intravital microscopy study in rats. Radiology 2002;224: 
253-7. 


. Leen E, Horgan P. Ultrasound contrast agents for hepatic 


imaging with nonlinear modes. Curr Probl Diagn Radiol 
2003;32:66-87. 

Albrecht T, Blomley MJ, Burns PN, Wilson S, Harvey CJ, Leen 
E, Claudon M, Calliada F, Correas JM, LaFortune M, Campani 
R, Hoffmann CW, Cosgrove DO, LeFevre F. Improved detec- 
tion of hepatic metastases with pulse-inversion US during 
the liver-specific phase of SHU 508A: multicenter study. 
Radiology 2003;227:361-70. 

Bauer A, Becher H, Blomley M, Borges A, Cosgrove D, Leen 
E, Schlief R, Tiemann K. Ultrasonic imaging of organ perfu- 
sion with SH U 563A. Acad Radiol 2002;9(Suppl 1):46-51. 
Ramnarine KV, Kyriakopoulou K, Gordon P, McDicken NW, 
McArdle CS, Leen E. Improved characterisation of focal 
liver tumours: dynamic power Doppler imaging using 
NC100100 echo-enhancer. Eur J Ultrasound 2000;11: 
95-104. 

Chin CT, Burns PN. Predicting the acoustic response of a 
microbubble population for contrast imaging in medical 
ultrasound. Ultrasound Med Biol 2000;26:1293-300. 
Tiemann K, Becher H, Bimmel D, Schlief R, Nanda NC. 
Stimulated acoustic emission nonbackscatter contrast ef- 
fect of microbubbles seen with harmonic power Doppler 
imaging. Echocardiography 1997;14:65-70. 

Tiemann K, Pohl C, Schlosser T, Goenechea J, Bruce M, 
Veltmann C, Kuntz S, Bangard M, Becher H. Stimulated 
acoustic emission: pseudo-Doppler shifts seen during the 
destruction of nonmoving microbubbles. Ultrasound Med 
Biol 2000;26:1161-7. 

Hope Simpson D, Chin CT, Burns PN. Pulse inversion Dop- 
pler: a new method for detecting non-linear echoes from 
microbubble contrast agents. IEEE Trns Ferroelec Freq 
Contr 1999;46:372-82. 

Burns PN, Hope Simpson D, Averkiou MA. Nonlinear imag- 
ing. Ultrasound Med Biol 2000;26(Suppl1):19-22. 


18. 


19. 


20. 


21. 


22; 


23. 


24. 


25: 


26. 


27. 


Averkiou M, Powers J, Skyba D, Bruce M, Jensen S. Ultra- 
sound contrast imaging research. Ultrasound Q 2003;19: 
27-37. 

Simpson DH, Burns PN, Averkiou MA. Techniques for per- 
fusion imaging with microbubble contrast agents. IEEE 
Trans Ultrason Ferroelectr Freq Control 2001;48: 1483-94. 
Bosniak MA. Difficulties in classifying cystic lesions of the 
kidney. Urol Radiol 1991;13:91-3. 

Kim AY, Kim SH, Kim YJ, Lee IH. Contrast-enhanced power 
Doppler sonography for differentiation of cystic renal le- 
sions: preliminary study. J Ultrasound Med 1999; 18:581-8. 
Jamis-Dow CA, Choyke PL, Jennings SB, et al. Small (< or = 
3cm) renal masses: detection with CT versus US and 
pathologic correlation. Radiology 1996;198:785-8. 
Ascenti G, Zimbaro G, Mazziotti S, Gaeta M, Settineri N, 
Scribano E. Usefulness of power Doppler and contrast en- 
hanced sonography in the differentiation of hyperechoic 
renal masses. Abdom Imaging 2001;26:654-60. 
Middleton WD. Doppler US evaluation of renal artery 
stenosis: past, present and future. Radiology 1992;184: 
307-308. 

Melany ML, Grant EG, Duerinckx AJ, et al. Ability of a phase 
shift US contrast agent to improve imaging of the main 
renal arteries. Radiology 1997;205:147-152. 

Claudon M, Rohban T: Levovist in the diagnosis of renal 
artery stenosis: results of controlled multicentre study. 
Radiology 1997;205:242. 

Calliada F, Bottinelli O, Campani R, et al. Optimisation of 
colour and spectral Doppler scanning of the renal arteries 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


References 


using a US contrast agent and second harmonic imaging. 
Radiology 1997;205:241. 

Lencioni R, Pinto S, Cioni D, et al. Contrast-enhanced Dopp- 
ler ultrasound of the renal artery stenosis. Echocardiolog- 
raphy 1999;16:767-773. 

Sauvain JL, Bourscheid D, Pierrat V, et al. Duplex Doppler 
ultrasonography of renal parenchymal arteries: Normal 
and pathological aspects. Ann Radiol 1991;34:237-247. 
Cronan JJ, Tublin ME. Role of the resistive index in exper- 
imental partial and complete ureteral obstruction. Acad 
Radiol 1995;2:373-378. 

Coley BD, Arellano RS, Talner LB, et al. Renal resistive index 
in experimental partial and complete ureteral obstruction. 
Acad Radiol 1995;2:373-78. 

Claudon M, Barnewolt CE, Taylor GA, et al. Renal blood flow 
in pigs: changes depicted with contrast enhanced har- 
monic US imaging during acute urinary obstruction. Radi- 
ology 1999;212:725-731. 

Skyba DM, Jayaweea AR, Goodman NC, et al. Quantification 
of myocardial perfusion with myocardial contrast echocar- 
diography during left atrial injection of contrast: implica- 
tions for venous injection. Circulation 1994;90:1513-21. 
Wei K, Jayaweera AR, Firoozan S, et al. Quantification of 
myocardial blood flow with ultrasound-induced destruc- 
tion of the microbubbles administered as a constant ve- 
nous infusion. Circulation 1998;97:473-83. 


263 


New Developments: Ultrasound Contrast Agents 


264 


17 The Transplant Kidney 


G.M. Baxter 


Ml Introduction 


The superficial position of the transplant kidney is par- 
ticularly advantageous when imaging with ultrasound, 
and indeed a significant amount of useful information 
can be gleaned in terms of structure and function using 
a combination of gray-scale and color Doppler ultra- 
sound. The use of a 4-MHz probe gives ideal resolution 
of the transplant kidney itself and, with the use of color 
Doppler, the main transplant renal artery and vein, can 
normally be followed back to their origins from the 
external iliac artery and vein, respectively. These qual- 
ities make ultrasound well-suited for imaging the pa- 
tient in the early transplant period, where color Dopp- 
ler gives an overview of overall renal perfusion and 
with the use of spectral Doppler can perform serial 
measurements in an effort to delineate an improving 
or deteriorating situation. In addition, it can easily de- 
tect perirenal collections and is an excellent detector of 
significant hydronephrosis. Apart from the early period, 
its main use is in the detection of renal artery stenosis 
(RAS), although it can clearly detect other more chronic 
complications such as arteriovenous fistula (AVF), long- 
term hydronephrosis, etc. (see Chapter 5, Renal Trans- 
plantation, for details). 

Given the improvements in image quality in the last 
decade, it is difficult to perceive of situations when the 
use of a microbubble contrast agent may be useful in 
the transplant kidney. However, many questions re- 
main unanswered with conventional imaging and, 
although it is fair to say at present there is no definitive 
renal transplant application, a number of workers are 
beginning to take preliminary steps to see if functional 
imaging can be of clinical use, not just in the native 
kidney but also within the renal transplant.'?? The 
techniques of functional imaging are essentially as de- 
scribed for the native kidney in the earlier part of this 
chapter. The technique itself depends upon multiple 
factors and, as this work is very much in its preliminary 
stages, much regarding this technique remains to be 
standardized. 

The potential applications of these microbubble 
agents are discussed below. 


= Hydronephrosis 


It is well-recognized that many “normal” transplant 
kidneys may have some element of hydronephrosis. 
In the early transplant period approximately 35-40% 
of kidneys suffer from delayed function and as such it 
is difficult to know whether these mild hydronephro- 
ses are functionally significant or not. It has already 
been demonstrated in animal studies that by inducing 
obstructive hydronephrosis and increasing intrarenal 
pressure, following intravenous injection of a contrast 
agent the time-intensity curve is altered in those kid- 
neys with severe acute obstruction. Whilst the clin- 
ical situation is slightly different in the transplant 
kidney, this may be one potential application of this 
technique. 


= Monitoring In The Early Postoperative 
Transplant Period 


One of the main difficulties in patients with delayed 
function is not knowing whether this reflects acute 
tubular necrosis (ATN) or acute rejection. As symptoms 
are generally absent, the diagnosis is clinically very 
difficult; in our center we perform routine monitoring 
with spectral Doppler ultrasound every second day 
until function begins. Decision-making is based upon 
the principle that if the Doppler spectral waveforms 
deteriorate, then this is likely to initiate earlier trans- 
plant biopsy. However, should the waveforms remain 
fairly stable over a period of time, then in general trans- 
plant biopsy is delayed. If a diagnosis of acute rejection 
is made on biopsy, then further monitoring following 
treatment is also performed to monitor treatment re- 
sponse. 

This type of monitoring can be useful clinically but is 
not perfect and indeed there is some element of inter- 
pretative subjectivity involved. In addition to ultra- 
sound, some centers still perform nuclear medicine 
studies in the early transplant period to help assess 
vascular function. 

It is now possible to give an intravenous injection of 
microbubble contrast agent and produce a very similar 
time-intensity arterial curve to that obtained at di- 
ethylene triamine pentaacetate (DTPA) renography 


Fig. 17.1 A series of still images taken from a dynamic 
study of a transplant kidney following the intravenous 
injection of the microbubble agent Sonovue. This study 
was conducted in the early postoperative phase, as the kidney 
had delayed function. a The baseline scan prior to contrast 


and essentially show the same information as the iso- 
tope study,” with the added benefit of the gray-scale 
anatomical picture and quantitative spectral Doppler 
measurements. It is too early to say whether this will 
have any significant effect on prognosis. However, this 
method is an entirely “nonradioactive” way of produc- 
ing anatomical and functional information (Figs. 17.1, 
17.2). 

It is too early to determine whether there is “hidden 
information” in the curves that may help differentiate 
ATN from acute rejection or even that they may contain 
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injection. b Shortly after injection, showing good cortical en- 
hancement highlighted against the darker pyramids (arrow); 
c,d Later images which show an even distribution of contrast in 
both the cortex and pyramids 


some prognostic information for the longevity of the 
transplant. In one study differences in time to peak 
enhancement values and wash-in and wash-out curves 
were noted between normal transplant kidneys and 
those with a parenchymal insult, i.e. ATN or acute 
rejection. In addition, heterogenous enhancement of 
cortical contrast was noted in the latter group.® Fur- 
thermore, it is also possible with this dynamic method 
to calculate an arterial venous transit time; this again is 
a topic of clinical research rather than application. 


New Developments: Ultrasound Contrast Agents 


266 17 The Transplant Kidney 


25 


20 


0 


T= e9 
pag 


wo e Br OM KF Or OM - Oz - 
NOT OonrWDWDoedsecdenNnowwtwno © DO OD 
ee od 


Fig. 17.2 a With a region of interest over the renal cortex 
during dynamic Sonovue injection, a time-intensity curve can 
be plotted (time is shown along the x-axis and intensity on the 
y-axis). Various parameters can be measured, including the 
arrival time from injection, the gradient of the curve, time-to- 
peak and peak value, and the area under the curve. This curve 
bears a striking similarity to that of an early DTPA study in the 
same patient (Fig. 17.2b). b A DTPA study in the same patient 
as Figures 17.1 and 17.2a, showing normal uptake and han- 
dling by the transplant kidney. The gradient of the curve is very 
similar and much of the information in this study can also be 
appreciated in the dynamic Sonovue study 


Vascular Applications 
Vascular Occlusion 


The diagnosis of renal artery occlusion is a catastrophic 
event for any transplant patient. Whilst in the majority 
the kidney is devoid of intrarenal arterial blood flow, 
the main renal artery cannot be identified and therefore 
the clinical diagnosis is not in doubt, on some occasions 
the finding of renal artery occlusion is unexpected and 
occasionally small amplitude waveforms are seen 
within the main renal artery. In this latter situation 
the injection of a contrast agent will undoubtedly in- 
crease confidence and confirm the initial suspicion of 
transplant artery occlusion. 

Furthermore, sometimes multiple renal arteries are 
transplanted with the kidney and one may suffer dam- 
age in the early postoperative period. It is useful to 
know whether there has been a segmental infarction 
and, if so, its extent. Although it may seem slightly odd, 
given the high quality of imaging possible with the 
transplant, this is in fact a difficult diagnosis to make 
on conventional color Doppler scanning and indeed a 
more dynamic analysis following the injection of a 
microbubble contrast agent is much more revealing in 
this clinical situation. Indeed microbubble-enhanced 
ultrasound has been shown to quantify total and re- 
gional blood flow when compared with direct flow 
measurement in dogs (Fig. 17.3). 


Renal Artery Stenosis 


It has already been shown in the native kidney that the 
use of microbubble agents does not alter the overall 
sensitivity or specificity of color Doppler ultrasound in 
the diagnosis of RAS, but it can rescue failed conven- 
tional examinations allowing a greater number of ves- 
sels to be interrogated.® It has also been shown that 
intrarenal Doppler spectral waveforms are also im- 
proved following contrast injection.® 

In the transplant kidney, however, the vast majority 
of transplant artery stenoses can be diagnosed with 
conventional color Doppler, although in some scenar- 
ios, for a number of reasons, for example, patient build, 
deeply situated iliac vessels, bowel gas, etc., the trans- 
plant origin can be difficult to visualize absolutely con- 
fidently. In this scenario, injection of a contrast agent 
may improve on the conventional image and allow 
precise angle correction for peak systolic velocity 
(PSV) assessment. The transplant artery is invariably 
tortuous and as a consequence it is not always possible 
to see every twist and turn of the vessel; again this can 
be improved following the injection of a contrast agent 
(Fig. 17.4). 

It is not clear what the role of functional imaging, i.e. 
time-intensity curves, is in the diagnosis of transplant 
artery stenosis, although a significant difference in 
transit time for patients with RAS has been shown.!° 
One potential application may be in the follow-up of 
such patients who are treated with either angioplasty, 


Fig. 17.3 a Color Doppler ultrasound of a transplant kidney in 
the early postoperative period showing a lack of color flow 
from the lower pole (arrows). It was not clear if this was 
technical or if the vascular supply to this area was compro- 
mised. b Following intravenous Sonovue it is clear that the 
microbubble agent has been evenly distributed to all areas of 
the transplant kidney (arrows). There is no evidence of focal 
infarction and the appearances were presumably technical. c In 


stenting, or both. In such a case, time-intensity curve 
profiles before and after angioplasty may be helpful, but 
again this remains an area of research. It is also tempt- 
ing to postulate that these curves may change following 
the administration of an angiotensin-converting en- 
zyme (ACE) inhibitor and help differentiate those pa- 
tients with RAS and those without. 
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another patient a baseline scan shows minimal flow to the 
lower pole of the transplant kidney (small arrow), but the 
lack of any significant vessel in this area (big arrow) was 
suggestive of lower pole infarction. d Following intravenous 
microbubbles it can be seen that the lower pole is devoid of 
vessels (large arrow) apart from one remaining large lower pole 
artery (small arrow). The appearances therefore confirmed the 
suspicion of lower pole infarction 


Summary points: 
Microbubble contrast agents have a number of 
potential uses in the transplant kidney 
Functional studies with microbubbles have demon- 
strated similar curves to DTPA studies 
Transit studies with microbubbles are possible and 
may prove helpful in the future 
Elucidation of vascular problems including renal RAS, 


vessel occlusion, and segmental infarction is easily 


resolved with microbubble agents 

Microbubbles can help aid the differentiation of 
tumor and cyst 

Early results are encouraging. However, standard- 
ization of the functional techniques are required 
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Fig. 17.4 a Conventional color Doppler scan of the proximal 
transplant renal artery close to the origin from the iliac artery. 
Although a little color flow can be seen (arrows), it is difficult to 
differentiate the transplant artery from the iliac artery or in- 
deed to plot the course of the transplant artery to allow 
accurate angle correction for Doppler estimation of the PSV. 
b Following the injection of a microbubble agent, the course of 
the transplant artery was easily appreciated. An accurate spec 
tral Doppler waveform was measured from the main renal 
vessel (arrow) and this showed a markedly elevated velocity 
of 3.5-4.0 ms”! indicative of an RAS 


E Renal Masses 


Transplant kidneys, like native kidneys, may develop 
either cysts or tumors. With the increased longevity of 
the transplant kidney, there is a definite but small in- 
crease in the incidence of tumors in the transplant 
population. These may occur at multiple sites and the 
most frequent tumors are skin-related, i.e. melanoma 


or lymphoma. The differentiation of a cyst from tumor 
or elucidation of a “complicated cyst” can be helped 
with the use of microbubble agents;!! a difference in 
cortical enhancement between the normal cortex and 
tumor has also been demonstrated in rabbits following 
injection.’* It is important to remember that compli- 
mentary imaging modalities, including computed to- 
mography (CT), also provides a useful role. 


[= Potential Applications 


A number of other potential applications can be con- 
sidered: Is there a relationship between time-intensity 
curves and the creatinine clearance? Can these curves 
give an overall prognosis for the kidney or predict 
chronic rejection? Are such time-intensity curves useful 
for monitoring drug-related studies? These all remain 
potential and fruitful areas of clinical research. 

In conclusion, microbubble agents are beginning to 
be utilized in the evaluation of native and transplant 
kidneys. This work remains at a very embryonic level, 
most of the initial work with these agents having to 
date centered on the liver. However, undoubtedly the 
use of such agents in this area will increase in the 
future. Although there are no specific applications as 
yet within the transplant kidney, early use would sug- 
gest they may be helpful on occasion in the evaluation 
of possible transplant artery stenosis, segmental infarc- 
tion, vessel occlusion, detection of vesicoureteric reflux 
(VUR),!? and for helping to differentiate complicated 
masses.'' Many questions and areas with regard to 
these techniques and their standardization are only 
beginning to be addressed“ as our knowledge of these 
agents slowly increase. The future of these agents and 
their development brings us into a new, exciting area 
with many potential possibilities, and undoubtedly 
their use with more defined roles will develop in time. 
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Congenital adrenal hyperplasia 222 
Connective tissue disorders 40 
Continuous ambulatory peritoneal 
dialysis 46-48 
Contrast agents see Ultrasound contrast 
agents 
Cortical disorders 30-31 
Cross-fused ectopia 208 
Cryptorchidism 223 
Cyclosporine toxicity 62, 65 
Cystectomy 194 
Cystic dysplasia 
kidney 108, 216 
testis 224 
Cystic malignancy 106 


Cystitis 89 
bladder-wall abnormalities 137-138 
Cystography 238 
Cystourethrography 248 
Cysts 
adrenal 223 
epidermoid 161 
epididymal 98, 175 
lymphatic 104-105 
Miillerian 140 
prostate gland 153 
drainage 149 
renal see Renal cysts 


D 


Delayed function, following renal trans- 
plantation 59-60 
Diabetes 39 
Dialysis 47-51 
continuous ambulatory peritoneal 
dialysis 46-48 
hemodialysis 48-49 
peritonitis and 47 
renal calculi and 45 
secondary hyperparathyroidism 45 
Diuresis renography 238 
Diverticula 
bladder 136-137, 221 
calyceal 104 
renal pelvic 104 
Doppler ultrasound 
erectile dysfunction investigation 246 
renal artery stenosis investigation 246 
Drainage of perinephric collections 
77-78 


E 


Eagle-Barrett syndrome 221 
Echogenicity 19-20 
Ectopic adrenal gland 222 
Ectopic kidneys 25-26, 208-209 
cross-fused ectopia 208 
Ectopic ureters 125 
Ejaculatory ducts 133 
developmental anomalies 140 
Emphysematous pyelonephritis 34, 
89-90, 119 
End-stage renal disease (ESRD) 41, 54-55 
Epidermoid cyst 161 
Epididymis 157, 171-173 
adenomatoid tumor 175-176 
calcification 171-172 
cysts 98, 175 
inflammatory disease 173, 224 
leiomyoma 176 
Epididymitis 173 
children 224 
chronic 173 
Epididymo-orchitis 98, 173 
Erectile dysfunction 99, 182-187 


arterial impotence assessment 
184-185 

baseline imaging 182 

false positive venous leak 186-187 

priapism 187 

stimulated color Doppler ultrasound 
183 

ultrasound imaging protocol 183 

venogenic impotence assessment 185 

Exstrophy, bladder 220 


F 


Fetal lobulation 24 
Fibromuscular dysplasia (FMD) 79 
Fibrosis 

penile 188 

retroperitoneal 127 
Focal infection 110 
Fracture, penile 97, 189 
Functional renal imaging 261-262 
Fungal infections 36 

fungal balls 214 


G 


Genital injury 97, 189 
Germ cell tumors, testis 160-161, 199 
children 226 
mixed 160 
regressed/burnt-out 161 
seminomatous 160, 200 
treatment 200-201 
Giant cell arteritis 40 
Glomerular filtration rate (GFR) 5, 8-9 
measurement 237 
urinary volume and 7-8 
Glomerulonephritis 30 


Hematoma 105, 114-115 
bladder 137 
penile 189 
Hematuria 92-93 
macroscopic 7 
microscopic 5-6 
Hemodialysis 48-49 
arteriovenous fistula complications 
49-51 
Hemolytic uremic syndrome 41 
Hemoperitoneum 48 
Hemorrhage 
acquired cystic disease of the kidneys 
45 
adrenal 222 
embolization 85 
following renal transplantation 61 
renal cysts 103 
Henoch-Schonlein purpura 40 
Hepatorenal syndrome 40 


Hernia 
cavernosal 189 
inguinal 168 
Histocompatibility testing 55 
HIV-associated nephropathy (HIVAN) 36 
Hormonal therapy, prostatic cancer 198 
Horseshoe adrenal gland 222 
Horseshoe kidneys 26, 208 
Human leukocyte antigen (HLA) match- 
ing 55 
Hydatid disease 36, 103 
Hydrocele 168, 224 
Hydronephrosis 91-92, 104, 209-212 
nonobstructive 212-213 
megacalycosis 212 
megaureters 212 
vesicoureteric reflux 212 
obstructive 211-212 
pelviureteric junction obstruction 
211 
posterior urethral valve 211-212 
ureteroceles 212 
vesicoureteric junction obstruction 
211 
transplant kidney 264 
Hyperparathyroidism, secondary 45 
Hyperplasia 
benign prostatic (BPH) 93-94, 
140-142 
congenital adrenal 222 
Hypoplasia 
adrenal 222 
renal 26-27, 209 


Immunosuppression 56 
Immunotherapy, renal cell carcinoma 
202 
Impotence see Erectile dysfunction 
Infections 8, 33-36 
focal 110 
renal cyst infection 103 
renal transplantation complications 
62, 65 
see also Urinary tract infection (UTI) 
Infertility 99 
male 144 
Inflammatory disease 
epididymis 173, 224 
ureters 127-128 
Inflammatory pseudotumor 110 
Informed consent 71 
Inguinal hernia 168 
Injury see Trauma 
Intravenous urogram (IVU) 233-234 
bladder carcinoma 241-242 
calculus disease 244-245 
renal outflow obstruction 246 
renal trauma assessment 248 


K 


Kidney 

anatomy 4, 16-17 
children 207 
relationships 15-16 

ectopic 25-26, 208-209 
cross-fused ectopia 208 

function 4-5 

horseshoe 26, 208 

pelvic 209 

size and volume 18-19 

transplantation see Renal transplan- 
tation; Transplant kidney 

trauma 96-97 

see also Renal disease; Renal failure 


L 


Leiomyoma, epididymal 176 
Leiomyosarcoma 114 
Leukemia 

renal, children 218 

testis 162, 226 
Leydig cell tumors 226 
Lipoma, extratesticular 175 
Liposarcoma 177 
Loin pain 7 
Lower urinary tract symptoms (LUTS) 

93-94, 141-142 
Lymphatic cysts 104-105 
Lymphoma 

renal 113 

children 218 
testicular 162, 226 


Macrocalcification, testicular 166 
Magnetic resonance (MR) imaging 236 
MR urography 245 
prostate carcinoma 242-244 
renal artery stenosis 246 
renal cell carcinoma 241 
Male infertility 144 
Medulla disorders 31-33 
Medullary cystic disease complex 108, 
215 
Medullary sponge kidney 32 
Megacalycosis 212 
Megaureters 126, 212 
Mesoblastic nephroma 217 
Metastases 
from bladder carcinoma 242 
from renal cell carcinoma 241 
renal 113 
testicular 163 
Metastatic disease treatment 
bladder cancer 195 
prostate cancer 198 
renal cell carcinoma 202 
Microbubble behavior 254-255 
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functional renal imaging 261-262 
see also Ultrasound contrast agents 
Microlithiasis, testicular 166, 224 
Micturating cystourethrography (MCU) 
234 
Milk of calcium cysts 104 
Miillerian cysts 140 
Multicystic dysplastic kidney 108, 216 
Multilocular cystic nephroma 105, 216 


Necrosis 

acute cortical 31 

acute tubular (ATN) 31-32 

renal transplantation and 58, 
264-265 

renal papillary 32 
Nephrectomy 

partial 202 

radical 201-202 
Nephritis, acute interstitial 31 
Nephrocalcinosis 32-33 

causes 33 

children 218 

cortical 31 
Nephrolithiasis, children 218 
Nephroma 

mesoblastic 217 

multilocular cystic 105, 216 
Nephrostomy 72-77 

anatomy 73 

complications 77 

dilated system 74 

follow-up 77 

guidance 73 

indications 72-73 

nondilated system 73-74 

primary antegrade ureteric stenting 

74-75 

transplant kidneys 76 
Neuroblastoma 223 
Neuropathic bladder 221 
Nonlinear imaging modes 255-256 
Nuclear renography 246 
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Obstruction 10-11, 119-123 
acute 119-122 
chronic 122 
following renal transplantation 61 
investigation 246, 260 
pelviureteric junction 91-92, 126, 211 
upper urinary tract 91-92 
vesicoureteric junction 211 
Obstructive hydronephrosis see Hydro- 
nephrosis 
Occlusion 
renal artery 38 
transplant kidney 266 
renal vein 39 
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Oncocytoma 109 
Orchitis 165 
epididymo-orchitis 98, 173 


P 


Pancreas transplant 67 
Pancreatitis 48 
Parenchymal diseases 29-41 
cortical disorders 30-31 
disorders of the medulla/pyramids 
31-33 
renal infections 33-36 
ultrasound examination 29-30 
vascular disorders 36-39 
Parenchymal thickness 19 
Patient preparation 70, 71-72 
Pediatric disorders see Children 
Pelvic kidney 209 
Pelvicalyceal dilatation 119 
without obstruction 123 
Pelvicalyceal injuries 84 
Pelviureteric junction (PUJ) obstruction 
91-92, 126, 211 
Penis 
anatomy 181-182 
carcinoma 98, 189 
injury 97, 189 
structural pathology 188-190 
fibrosis 188 
masses 189-190 
tunica albuginea defect 188-189 
urethral ultrasound 190 
see also Erectile dysfunction 
Percutaneous nephrostomy (PCN) 
see Nephrostomy 
Peritonitis 47 
Persistent prostatic utricle 140 
Peyronie disease 188 
Pheochromocytoma 223 
Plain abdominal radiograph 233 
Polyarteritis nodosa (PAN) 40 
Polycystic kidney disease 106-108 
autosomal dominant (ADPKD) 
106-108, 215 


autosomal recessive (ARPKD) 106, 215 


Polyorchidism 159 
Posterior urethral valve (PUV) 211-212 
Postoperative monitoring 264-265 
Posttransplant collections 61-62 
drainage 77-78 
Power modulation 255 
Priapism 85, 187 
Prostate 
ablation 149 
abscess 142 
drainage 149 
anatomy 131-132 
prostatic urethra 132 
zonal anatomy 132 
benign prostatic hyperplasia/hyper- 
trophy (BPH) 93-94, 140-142 
biopsy 148 


brachytherapy 149 
carcinoma 94-95, 144-147 
follow-up 147 
staging 144-147, 242-244 
see also Prostate cancer treatment 
cysts 143 
drainage 149 
postoperative bladder appearances 
139 
ultrasound examination 134-136 
Prostate cancer treatment 195-199 
hormone-refractory disease 198-199 
intracapsular disease 197 
locally advanced disease 197-198 
metastatic disease 198 
Prostatectomy, radical 197 
Prostatitis 89, 142 
Proteinuria 5-6 
Prune belly syndrome 221 
Pseudoaneurysm 219 
Pseudotumor 
fibrous 176 
inflammatory 110 
Pulsatility index (PI) 57 
Pulse/phase inversion harmonic (PIH) 
imaging 255 
Pyelonephritis 34, 89-90 
children 213 
chronic 214 
emphysematous 34, 89-90, 119 
xanthogranulomatous 35, 214 
Pyonephrosis 119, 214 
Pyramid disorders 31-33 


Radiofrequency (RF) ablation 80-82 
Radiography, abdominal 233 
Radionuclide imaging 236-237 
Radiotherapy 
bladder cancer 194-195 
with chemotherapy 195 
prostate cancer 197-198 
renal cell carcinoma 202 
seminoma 200 
Reflux nephropathy 214 
Rejection, following renal transplan- 
tation 59 
acute 65 
chronic 65 
Renal arteries 
aneurysms 38 
occlusion 38 
transplant kidney 266 
stenosis (RAS) 12, 36-38 
investigation 246, 259-260 
transplant kidney 266-267 
ultrasound applications 79-80 
ultrasound imaging 21-22 
Renal biopsy 78-79 
Renal calculi 90-91, 123-124 
dialysis and 45 
Renal cell carcinoma (RCC) 96 


children 218 
investigation 201 
staging 240-241 
treatment 201-202 
non-surgical 202 
surgical 201-202 
Renal colic 90-91 
Renal cysts 95, 102-108, 256 
complicated 103-104 
calcification 103-104 
hemorrhage 103 
infection 103 
septations 103 
congenital cystic renal disease 
106-108 
medullary cystic disease complex 
108 
multicystic dysplastic kidney 108 
polycystic kidney disease 106-108 
tuberous sclerosis 108 
von Hippel-Lindau disease 108 
simple 102 
children 216 
differential diagnosis 104-106 
multiple 102 
transplant kidney 268 
see also Acquired cystic disease of the 
kidneys (ACDK) 
Renal disease 
end-stage (ESRD) 41, 54-55 
incidence 3 
investigations 9-12 
renal masses 239-240, 256-257 
natural history 8-9 
presentation 5-8 
see also Chronic kidney disease (CKD); 
Renal failure; Specific diseases 
Renal duplication 209 
Renal failure 6-7 
acute (ARF) 7 
acute renal parenchymal disease 10 
investigations 9-11 
postrenal 10 
prerenal 9-10 
chronic (CRF) 7, 44-51 
dialysis 46-51 
diseases associated with native 
kidneys 44-46 
Renal function 4-5 
Renal fusion 208 
Renal imaging 
dynamic 237-238 
static 237 
Renal length 16 
Renal mass investigation 239-240, 
256-257 
transplant kidney 268 
Renal outflow obstruction see Obstruc- 
tion 
Renal papillary necrosis 32 
Renal pelvic diverticula 104 
Renal pelvic tumors 112-113 
Renal sinus 22-24 
splitting 23, 25, 119 


Renal transplantation 54-67 
children 219 
combined renal and pancreas trans- 
plant 67 
complications 58-67 
early 58-62 
late 62-67 
long-term 67 
contraindications 55 
donor supply 55 
histocompatibility testing 55 
history 54 
immunosuppression 56 
postoperative monitoring 264-265 
preoperative management 55 
surgery 55-56 
see also Transplant kidney 
Renal veins 
occlusion 39 
thrombosis 38-39 
children 218-219 
ultrasound imaging 22 
Renography 
captopril 238 
diuresis 238 
nuclear 246 
Resistive index (RI) 57 
obstruction diagnosis 121-122 
Rete testis 158 
Retroperitoneal fibrosis 127 
Rhabdomyosarcoma 177, 221, 226 


S 


Sarcoma 114 
Schistosomiasis 36, 139 
Sclerosing peritonitis 47 
Screening, targeted 8 
Scrotal sac 
abnormalities 98, 153 
edema 177 
inflammatory disease, children 224 
vasculature 153-154 
Sedation 72 
Segmental testicular infarction 164 
Seminal vesicles 133 
developmental anomalies 140 
drainage 149 
Seminoma 160, 200 
treatment 200 
Septa of Bertin 25 
Septated cysts 103 
Shrunken kidneys, bilateral 12 
Sickle cell disease 40 
Sperm granuloma 175 
Spermatic cord 168 
spontaneous detorsion 170 
torsion 168-170 
children 224-225 
testicular appendage 170-171, 
225-226 
Spermatocele 175 
Splenogonadal fusion 163-164 


Staghorn calculi 124 

Stauffer syndrome 96 

Steal syndrome 50 

Stenosis see Renal arteries 

Stenting, ureteric 74-75 

Systemic lupus erythematosus (SLE) 40 


T 


Tacrolimus toxicity 62, 65 
Teratoma 161 
Testicular prosthesis 166 
Testicular rupture 167 
Testicular tumors 98, 159-164 
children 226 
germ cell tumors 160-161, 199, 226 
investigation 244 
nongerm cell tumors 162-164 
staging system 200 
treatment 199-201 
Testis 155-156 
abscess 165 
anatomy 153-154 
children 208 
atrophy 165 
congenital anomalies 223-224 
macrocalcification 166 
microlithiasis 166, 224 
normal variants 157-159 
appendix testis 156, 157, 158-159 
polyorchidism 159 
rete testis 158 
transmediastinal artery 157 
two-tone testis 158 
orchitis 165 
postoperative appearance 166 
segmental infarction 164 
torsion 98, 168-170 
children 224-225 
congenital 223-224 
spontaneous detorsion 170 
testicular appendage 170-171, 
225-226 
trauma 97, 167, 226 
tumors see Testicular tumors 
ultrasound examination 155 
Thrombosis 
arteriovenous fistula complications 
49-50 
following renal transplantation 60-61 
arterial 60 
venous 60-61 
renal vein 38-39 
children 218-219 
Transitional cell carcinomas (TTCs) 
112-113, 126 
bladder 138-139, 241-242 
staging 242 
Transmediastinal artery 157 
Transplant artery stenosis 63-64 
Transplant kidney 264 
hydronephrosis 264 
imaging 56-57 
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postoperative monitoring 264-265 
renal artery stenosis 266-267 
renal masses 268 
vascular occlusion 266 
Transplantation see Renal transplan- 
tation 
Transrectal ultrasound (TRUS) 134-135 
benign prostatic hyperplasia 94, 
141-142 
interventional 148-149, 197 
male infertility assessment 144 
prostate carcinoma 94-95, 144-147 
prostatitis 142 
Transurethral resection of the prostate 
(TURP) 94 
Trauma 
bladder 85, 97, 221 
genital 97, 189 
investigation 246-248 
pelvicalyceal 84 
renal 82-83, 96-97, 114-115 
children 218 
classification 114, 115 
testis 97, 167, 226 
ureters 84-85, 97 
vascular injuries 83-84 
Tuberculosis 35 
Tuberous sclerosis 108, 215 
Tunica albuginea defect 188-189 
Two-tone testis 158 


U 


Ultrasound contrast agents 253-254 
applications in transplant kidney 
264-268 
postoperative monitoring 264-265 
potential applications 268 
renal masses 26 
vascular applications 266-267 
clinical applications 256-262 
acute urinary obstruction 260 
focal renal lesions 256-258 
functional renal imaging 261-262 
renal artery stenosis 259-260 
microbubble behavior 254-255 
nonlinear imaging modes 255-256 
Ultrasound imaging 12, 17-27 
bladder 133-134 
interventional 140 
children 207 
congenital variants 25-27 
erectile dysfunction 183 
normal variants 24-25 
parenchymal diseases 29-30 
parenchymal thickness 19 
prostate gland 134-136 
renal collecting system 22-24 
renal echogenicity 19-20 
renal size 18-19 
renal vasculature 21-22 
technique 17-18 
testis 155 
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Ultrasound imaging 
transplant kidney 56-57 
urethra 190 


Ultrasound-guided procedures 70-71 
drainage of perinephric collections 


77-78 
nephrostomy 72-77 
radiofrequency ablation 80-82 
renal artery stenosis 79-80 
renal biopsy 78-79 
trauma and emergencies 82-85 
bladder injuries 85 
pelvicalyceal injuries 84 
priapism 85 
renal tract trauma 82-83 
renal vascular injuries 83-84 
ureteric injuries 84-85 
Urachal anomalies 220 
Ureteric colic 90 
Ureteric jets 122 
Ureteric stenting 74-75 
Ureteroceles 125, 212 
Ureteroneocystostomy 85 
Ureters 
duplex 25, 209 
ectopic 125 
inflammatory disorders 127-128 
injuries 84-85, 97 
megaureters 126, 212 
tumors 126-127 


Urethral gland, posterior (PUV) 211-212 
Urethral ultrasound 190 
Urethritis 89 
Urinary bladder see Bladder 
Urinary calculus disease 90-91 
Urinary leak, following renal transplan- 
tation 61 
Urinary tract infection (UTI) 89-90 
children 90, 213-214 
complicated 89 
following renal transplantation 65 
recurrent 8 
uncomplicated 89-90 
see also Infections 
Urinary tract obstruction see Obstruction 
Urine discoloration 8 
Urine volume 7-8 
Urodynamics 246 


Vv 


Varicocele 171 

Vascular disorders 36-39 
children 218-219 
injuries 83-84 
see also Renal arteries 

Vasectomy 171 

Venous hypertension 50-51 


Venous thrombosis 
following renal transplantation 60-61 
renal vein 38-39 

children 218-219 

Vesicoureteric junction (VUJ) obstruction 
211 

Vesicoureteric reflux (VUR) 90, 125-126, 
212 

Volume measurements 18-19 

Von Hippel-Lindau disease 108 


Ww 


Wegener granulomatosis 40 
Wilms tumor 217 
Woolfian duct anomalies 140 


X 


Xanthogranulomatous pyelonephritis 
35, 214 


Y 


Yolk sac tumor 161 


